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Thermal Decomposition of Sodium Carboxymethyl Starch
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Potato starch (PS) was carboxymethylated with monochloroacetic acid to prepare
sodium carboxymethyl starches (Na-CMSs) with different degrees of substitution (DS) at
the OH moieties, and their first thermal decomposition was invesitigated at 200 to 300C.
Chemical analyses suggested that Na-CMSs (1), (2) and (3) having DS=0.3 were the
compounds substituted with carboxymethyl groups at the primary OH moieties and
Na-CMSs (4), (5) and (6) having 0.3= DS<1.1 at both primary and secondary OH moieties.
Remarkable differences in weight decrease curves and onset temperatures of thermal
decomposition were observed between the two groups, Na-CMSs (1)—(3) and Na-CMSs
(4)—(6). Upon heating, the C=O0O bonds based on carboxymethyl groups of Na-CMSs
(1)—(3) were partially decomposed, although their structures were unclear. In contrast, the
decomposition of C—O bonds based on intra- and inter- molecular ether linkages or
hydroxyl groups in the glucose units was mainly observed for Na-CMSs (4)—(6). The
increase of DS accompanied the increase of activation energy, but there was no significant
difference in the activation energy among Na-CMSs (), (5) and (6).

Key words —— sodium carboxymethyl starch; thermal decomposition; activation
energy ; themogravimetry
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Na-CMS 37> 7> 3BT A2 7NV a—ZADKEES I NKRX L 2 FNIKIER I I,
I—TF WAL TTERLNTHY), TA X7 ) —2DFAULER 7 WALAI, BEREH], 2¥>
DEACT IR, SRR L L L THHAIN T 5,

Na-CMS D HALEHI MR DWW TS, BFEEERIC L 29, b PHERIC & 590, © R
T IRk BRERY, D X527y MoBITAREOICET ZHMLM RS LI N
Tw3, —%, Na-CMS i3, ZibBhib#l & L8 <> TROMAATRE TERICMZ b1,
BER T AZ % 12 2 2%, Na-CMS OBEGEMEIZ DWW, F 77, BREDRZ 5 Na-CMS Dn#ic
$ ABEEBILDERIZOVWTIRE{HEIN TV v,

BIE, —ICHEHI N T3 Na-CMS 3 FEEHRE 0.3—0.5BENL N TH 5%, Na-
CMS D#MEFEEZH L2212 T 5 BT, £, NLA L aT7T>r 7> (PS) 2, KiE#H
Eh b EERED Na-CMS #3811 72, ki, Na-CMS 2 £iE5 5 400C F TRAEIZEL, &
— RIS (230—300°CIZ N5 FE L BRI 24 B E) I2DWT, ofERGIRE,
BEAL, B b AN X =% & 2R, BERSITEL, BHBOEERE) ST A —F —
DRIV L, LD/ T A —F—|F, ZHEDH 5 WIIHMaEIc L ) KO 5T
B0, WL ANX =D —EBTH D Z & »HiRFHE TR EYEH TR L 72, &
72, MBI 2~ 27 F LVHllREIC £ 1), Na-CMS D #sriEic L s EEZEbIic DWW T ETL 72,

X B F &

1. &8 PSIZABILZEGR) LYV EEINZLNATHY), ERT L r—F—HT12E
MEGHE L, RBE L7z, #F /7 — & E )/ 7 )L BEERIIADEHASE T - RE—h %, Fnll
WD RIIIFDCHEE T2 - IR 2 A L 72,

HIVEKRFE L X F IR, BKEFTRARDFEOTIT- 72. PS 81g LATERDKERILS ) ™7
L% 80V/N% A /= NETIZ AN, —F, IIERENE /7 9 )VEEER% 80% 2 ¥/ —IViE
WICTEIR S W72, BB DBREE % [ 30010 rpm THEEL 2% 5, %% % 10 ml/min
DEETH T L, 60C TC—ERMG S, KIGKR T, BEHZEHNL, X512 80% %
2 /=N S500 ml ICERE S 72, ZOBER AR L Z0°5, 10%1EER 80% # & / — )ViE
WEHETL, pH A —F—THER LWL HHIL 2. 0%, B, ZOMEMKICHEERIRZ N
ZBEEDPELLSLDF TR AY /— VB THFL, 51— T/)VTHEL 72, A 1E
L7 6 %% Na-CMS 13, EHENEWIEIC Na-CMS(1), Na-CMS(2), Na-CMS(3),
Na-CMS(4), Na-CMS(5), Na-CMS(6) & L72. Na-CMS % F813 2 720> R B etk
D@D TH 5.

Na-CMS(1) : PS 81g, /KEfLF MY 72 0.75mol, &/ 7 v )LEEEE 0.15 mol, 60°C D&
T A R RGBT, FIRFEEE, 110°C T 15 KRRz,

Na-CMS(2) : Na-CMS (1) D&M 6 Rl ).

Na-CMS(3) : PS 81g, /KE{b+ F ) 724 0.90mol, €./ 7 v )LEEME 0.40 mol, 60°C N
T 6 R RO,

Na-CMS(4) : Na-CMS(3) D& 2 [l ) & L K.

Na-CMS (5) : Na-CMS(3) D44 3 [k D & L K.

Na-CMS (6) : Na-CMS(3) D& 4 [ ) & L K.
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e, FEL 72 Na-CMS I3, ki F&E%E 470 A v > 2 DTICHIZ, S HICE B TEEREL
7.

2. BBREOEAE  CFHEHEL, Eyler SWOBBMEEHEICL VHEIELR. T bbb, =
75 2 2 OEEEERIE 200 ml (£ F /—)L 900 ml & ZEE K 270 ml (< IBHEEE 25 ml 202
%)z Na-CMS 10—15¢g #fnz, Z|iBT4MMRE 5%, WHHEEL 72, K & WD 2 7
Ny Ficka2BF0RLICR 3 TEEWE 0% 2 5 /— )V (EHRED & Na-
CMS(5) & (6) DIkEIZIE, 80% A % /— NI ZMHAL72) THRYDRLPEFL, mERIC 4ﬂ£7k
2 F 72— 150 ml THAKL, EZ2T > 7 — 5 —Hp T 24 R 2 9, 58 CMS % 1+7z.

Bt CMS % 80°C T 1 BRIz iets, W 2g 2L, =A7 7 A 3l2 AR, S HITZEIK 200 ml
Y 0.1NKERIET b ) v AVE 50 ml B IEREICINZ, BIETHEMIRE - L, 0.1 NEREREH
WOHERBE L 72, R, T2/ 784 EHWR, SFEERE (DS) 1dkA

DS =162 v/(10000—58 v)
ko TR, v 12 HEEECMS 1g OHFNCEET 5 0.1 N KE{EF F ) 7 2B DOTHEE ml
Behsd, BHELZ2BMEL, ZOVHEE DS & L7k,

3. B—KEBEECBHREAFOISNI—-ANDEERR Ina—2BALD 647, Thbb
Bk B 2 O /L a0 — 2D #E % Reeves'? D Jikiz #E LTIz, ##) Na-
CMS 2g % 2 %¥al# 200 ml (2 ¥&#& L, 100°C THUKSE L 72, KSR O# RIS RERFRYIZ K
3 v ERRYE (Willstatter-Schudel 3:1®) TERITH 2= L, DEERHI 95%LLEICZE 5 L9
2L, SNEZRBHEE E L7z, RENAT % 0.1 N KER(LF b ) 7 A CHRAIEE, 1N RERK
FFPF) A 10ml RO 0.3MBEI TR I0m] 202, 1RHZEICHELZ. 25612, 1IN
Y 15ml, 1.2N # P EEF ) ™74 10ml 202, A T GoigHkE, 1N Bk T
D2 10ml RO 2 FrRES5ml 22, e $ 3 10 o FiEKEHIc A, 1R
A LT, TR UL, B oK R BRE ROV ADH B LI L,

4., FERKBEICBBREAF O I—-ANDFER TNa— ZBALD 240, 36, H B
Wi HIC BRI 2 EO 7L 3 — 2D E %S Mahoney & Purves'V D i kIC# L TR,
Na-CMS 150 mg 127k 50 ml, pH 4 (BEERREME) ¢ 0.06 M i# 2 7 3KERF + ) 77 A3 50 ml
RINZCHBRL, B s Lz, 2467 3ALcBERED L WS, 6 DMK SR
WA TRBF L) AL o GERIGICUIME N5, ERic B E L ), B3 7R
ﬂ‘ N ) 2D IEE R H Mahoney & Purves!¥o 5T 300 B & TRERFRYICHIE L, P

SICHASNBITEBRS ) T AHERR L DAL, BIBOKEREE I BRE R
07“}v:~7\ff‘fo LT rlicie b,

5. REHBEHH (TG-DTA) TG-DTA Oill5EIc 1%, TAS100 %, TG 8110 BU#Ey
HPSE s (BR R ) 2 L 72, T b l3R0B ) Th 5., B iR EEH, SR —400C |
HiggkEE, 1, 2, 3, 4K%U°5C/min; @EER, THI=7 248 55mmid X2.5mm ;
HAEMET, -T2 F L BRR, SR A% A, B 1R S5 EE# T T 50 ml/min
DOV CER 72, REHL, 6 7 ARIEZE Ry 7 THAL 72 Na-CMS (1) — (6) %4 10 mg
L7, B4 S=E, LB I3 F 130—140°C THAKKISIZR T3 555, TG THIES 1L
kg eRlE, 3.7—7.0%TH - 7.

6. FRIPUIXA~RZ b (IR) BIE IR »i#l%ElZ, Hitachi Model 260—30 Infrared
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Spectro-photometer # I\, vy cm™ P TFIR L 72, BFHE, KD Na-CMS & E—3E
Bt (BB — 7185, 260°C ; R TIRE, 283C) 4z iHA L, E2BR 7THAL,
FEKD L REBIC L7z, BIEIRX X Y a9 — W — P EETIT- 72,

BRRUEE

1. Na-CMS OEHERE & FHRFE

Table 113, PS & Na-CMS(1) —(6) D#ERAIHE # R L T 5, DS I3 73— 25REY
DICEBRENTANLERX L AFNEDOFETERLCEBY, HEWCBERI N T
3E%BETTHE, L LAEBRTHEI L Na-CMS @ DS i3, 0.084—1.010 TH Y,
OG- TOMED B LURISICIZITHBIL TREC > T b, Na-CMS(1) —(6) I3 85—k
MEIZ O NVEKRX D A FNVEEFED, Na-CMS @) —(6) 1358 ok RIc § EiRit 25 -> T
5. 7va— ZHARILY 72 ) O T8lE, MWae=162(1—DS) +242 DS OO %
WSR2, Z6 DEIT 168.7—242.8 Th - 7=,

Table 1. Physical Properties of Sodium Carboxymethyl Starches

Degree of  Average M.W.of Primary Secondary

Sample substitution glucose unit hydroxyl  hydroxyl
PS 0.000 162.0 - -
Na-CMS(1) 0.084 168.7 O
Na-CMS(2) 0.131 172.5 O —
Na-CMS(3) 0.296 185.7 O -
Na-CMS(4) 0.638 213.0 O O
Na-CMS(5) 0.810 226.8 O O
Na-CMS(6) 1.010 242.8 O O

2. Na-CMS NEEEZEIL L HREMN

Fig.1 & Fig.213, #1211 Na-CMS(1) & (4) DRAe 5 FiREEIC & 5 B—5 8B B

BEbERL TS, b, BERE, WERWBIOERZIHEL L 20n T, BKRIEHK
THROERZEGFEL00%E L TEL TS, Na-CMS(2) & (3) n#EBZ{IE Na-CMS
(112, Na-CMS(5) & (6) n#EEZLIZ Na-CMS @) 12 L T2 DT, F5DXITE
B L 72, Na-CMS (1) —(3) oA E BT ESCr O L2 /R L, B LRI MERGIZ
P\, —F, Na-CMS (4) — (6) D #E BRI B L MR %2R L, SE6i: Na-CMS (1) — (3)
LNHESHELEFEZ 55, Fig.1 & Fig. 2 T, 300CHHAE TCIEED LHT 5 &, B
DIRER T T ), BRAFFRD 50—60% L 1ZIZF LT > TW b, 2 b DR 5, Na-CMS
(1)—(8) & Na-CMS4) —(6) (&, {8 LRI S UG EIR B2 - T 525, B
VTR U ERICZE S 5 2 & - 7z,

Fig. 3 (3, HEEHARBRIZDEFSTERE DS TH 50 @BBIERE & FiERE L D
Btha &L T d, SBEMRIEEIL, FHREE ST EEERICRITL TWw a5, T
BHEBHOMCBTRICHLNIBERTH Y, BT OSBHBEEZEL T35, &5H
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Fig. 1. Thermogravimetric Curves of Na-CMS(1)
0, 1C/min; @, 2C/min; A, 3C/min; A, 4°C/min; O, 5C/min.
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Fig. 2. Thermogravimetric Curves of Na-CMS(4)

O, 1C/min; @, 2C/min; A, 3C/min; A, 4C/min; [J, 5C/min.
IBEE 1—5C/minic 3\ T, Na-CMS(6) i3, Na-CMS(1)ic -, 41 B #5 5 B A°
25—30C L E <, BEEEI BN L 2R L Tw5b, FMBKRIEEIX, Na-CMS(1)—@) &
4)—(6) EDMIcKELBIED D B, Na-CMS (1) —(6) 1%, PS D7)V 72— A FHE—RoKERIEH*
ANKEL XAFNETCERINTED, Na-CMS@) —(6) 1%, FHBoKEEEL #/VRX X
FNETEBEIN TS (Tablel). ZNHLDEERL L, INAKX T A FNED, FE—HoK
BRILIST T, B okERFEIC L EHRT S Z itk - T, Na-CMS o#ZEtkizm B3 5%
EEZLND.
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Fig. 3. Relationships between Heating Rate and Onset Temperature of
Decomposition

O, Na-CMS(1); @, Na-CMS(2); A, Na-CMS@3); A, Na-CMS@4); H, Na-
CMS(5) ; O, Na-CMS(6)

3. Na-CMS OE—7»#ERIG

Na-CMS i3, 73 v0—2,T73uX0F 25> TEN, BEHTOFEL AP EHEF
ELTWBDT, K =— Lk Y BGHICB W TERF UM R Z 20 8lsrd 5, %
ZC, BT DS ITT BT AR e Ozawa DESEDE V-, [W—FEEHO 5 ROGH
T 5 EERAH
P& SR> 7z, &S 0.8
EENE, EMAL
FNX— (4E) H*
WIZ—ETHDHZ
ERAHRERME L -
Tw 5, Fig.4 &

S 0.4F
Fig.51%, Ozawa 2 i
DRI E N,
Tvyv= A7 ay 0.2+
FTERLZLDOT
b b, F I

(a) 222 CTG 0.0
A 24TV, L

BEERARICBY 1.7 -

B AR JE 8 1000/T (K™)

T &4 7R & Fig. 4. Plots of Log @ vs. 1000/ 7 on Na-CMS(1)
B D 5 # Log a O, 5% X, 10%, [, 15% ; @, 20%, A, 25%.
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Fig.5. Plots of Log « vs. 1000/ T on Na-CMS(4)
O, 5% X,10%; [,15%; @,20%; A, 25%; M, 30%; O,35%: A, 40%; @, 45%.

ED7ay FOWED L AE RO ENS, £ LT, ERDMEEE L THUL, ZHUIHE

—FEFHD R IOGTH 5.2 DF Y, Fig. 412 BT Na-CMS (1) %, BHERAIFE 25%5 5168
EVHETHEZ 5DT, 20%F THE—FEHD

TG TH 5. Na-CMS(2) & Na-CMS(3)

Na-CMS(1) Na-CMS(4)
LIEEEIZ, 20% F CTHHLMEE TH-72 (K
4 B%). Fig.5?» Na-CMS4) 12 40% £ T,

Na-CMS(5) 1% 45% % T (XI#5#), Na-CMS

(6) 13 40% % T (X&"E), ZhZFNa—HEHH
DRFIGDTRE T WA Z LI b,

Fig.6 1%, Na-CMS(1) & (4) » 57 i5 % &
3°C/min » TG-DTAMI# %R L Tw 5,
Na-CMS(2) & (3) (X#%) 13, Na-CMS(1)

@ DTA Hi#t & FEEE, 200—300CI2 2 DDF :IEO;:V
B — 7% Na-CMS(5) & (6) (X4R) i, \

Na-CMS () & [dkE, 1 ODF#EEe— 7 5538

Dbz, A-—HROSREs L s RE L 5L0 e
A EREF OREEIE, DTA g (B O% R .
B T P S S Temperature (C) Temperature (C)
Na-CMS (1) — (6) i 53 S s D 20 2 12 7c

Fig. 6. Thermogravimetric and Differential Ther-
% 300°CHHE F TIz 40—50% DEEATEAT

mal Analysis Curves of Na-CMS(1) and
Na-CMS (4)
% 7% Na-CMS(1)— Q)3 —FKE#;AE—7

Heating rate, 3°C /min.

ﬂ .
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(260C) ICHIET 2 20% F TEE_FEE—7 (295°C) ICHIET 5 20—50%F TH 2 >N
srf#EDY, Na-CMS @) — (6) 13 5E—F# e — 7 (260C) ITHIGT 5 40—45% £ TP 1 DD 45

HELTWEZ LITR S,

4. Na-CMS OB—RBRIC %+ ) DBROFEETRILF—

Table 2 i%, Ozawa DEGHEMNHE-T, TL =
A7y P OEHROMEE S L KD 72 Na-CMS
1D—6)DIE TH b, Z b D AEE, Na-

Table 2. Activation Energy of Sodium

Carboxymethyl Starches

Activation energy

CMS (1) —(3) TIRIEAHE20% L THOETH Y, Sample (] /mol)
Na-CMS (4) — (6) Ti3 kA H 40—45% F TH & N=CMS() l60.1
Th%. Na-CMS(1)—(6)? 4E i3 DS(Tablel) . cvse) 166.5
DIEIZIZITHBI L TREL > T b, FE—Huk Na-CMS(3) 171.9
B AHNEH I 1172 Na-CMS (3) & 5 ok Na-CMS(4) 177.4
FEICHERIN TS Na-CMS @) & DRIz, Na-CMS(5) 179.9
AE 2 gk & 2esEs88b bz, Lo L, Na-  Na-CMS(6) 180.7
CMS4)—(6)n [ Tix DS
L PITKE D572, 100
AE I3 BB 2T 5 (A)
Pledr o 72, 24U L OFER sor
5, Na-CMS D#ASENE, sol
HIIVEKRFX S AFVEE—
ok 3k & 5 ok BRIz 40}
EET Aok ) ERAY 8
505, 88 RRoOKER R E R X g 20}
N72H4E, 1IZEITHIC S »
Z EDEh 5 T, g 108 ! : L : — :

5. Na-CMS n#—F# 2 (B)
RS %45 HBRIC & B g 80}
Z1t

SRR £ - T, Na- 60
CMS D & O 1 3% E AL A3 25
b 22 HLEICT 572 40+
B, FKIMHE D Na-CMS & #
1L O 8 —FE BTG5 20r
DIR % W 5E L, Na-CMS o L , , ,
(1) & Na-CMS (4) 7 #& # 40 35 30 25 20 16 12 8 4 x10°

%, ZNZH Fig. 7 & Fig. 8
R L7z, %8B, Na-CMS
(2) £ @)D IR (X&) 13
Fig. 712, Na-CMS (5) & (6)

Na-CMS(1)

Wave number (cm™)
Fig. 7. Infared Spectra of Na-CMS(1) and Thermally Decomposed

(A), Na-CMS(1) ; (B), thermally decomposed Na-CMS(1).
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100 7 IR (XI48%) 1 Fig. 812
(A) B T2,

80 RO ko,
sol 3200—3800 cm ™' W IXL H5

i, KEEEEZEL Tnb,

— 40k 1600 con U DRI I3,
X AR ZVEICHET 2 7
S 20} IWIRVERF P T aH BN
@ A NVKREEDERL T
g wg L y ! ! . 1000—1200 crn~' DU
S (B) Wiz, 77V ay FEAD
F  gol T— T VRS B N KK
BT 5 C-OMMEIRSEIC
S0 Bk 5.10 £ 72, 2800—
3000 cm~'& 1450 cm~' &

40F UF 1380 e~ WRUDUAT 13,
XY a—)v (KRBT 74

20 V) BERLTWD,

. 1 ' ; ' ' ‘ l Na-CMS(1)—(3) 1%, &

40 35 30 25 20 16 12 8  axi¢ VORGHEZTLE, A

VR = v % 7R § 1600
cm ™M DRI A A L
Fig. 8. Infrared Spectra of Na-CMS(4) and Thermally Decomposed T\ 5% Z & 225 (Fig.7),

(A) Il\ja?éli/ll\g(i)(%)(B) thermally decomposed Na-CMS4) 7va— Xﬁi'fi@%'—‘;f‘&ﬂ(

’ T ' BRILICEEI N TWDB L
REAFNIEDHNKUEEF N ) 7 LADBRRRI BT 22 L5,

Na-CMS (4) —(6) i3, HESIGZ 2T T, ANKRCEEF ) 742K 1600 cn Mz o
WL 2 K& BB SN -7 L, COMADMIEREN ICHKRT 5
1000—1200 cn DN IZ 1T & A KR L T 5 (Fig. 8). Na-CMS icix, 712 — X HAy
DERT—T NAEE E N A= ZADZ—T WEEE L A NVIKRY X A FNVERED = — T VA
BHDE, TOBDETHIVRX L X FNED L —T VSN &L, BEEES Y 7
LDVEREIN, H35CTHREEFF) TLET 2 v R EICHBT 53T THE.® Ll
%h5, Na-CMS(4)—(6) Z 300CLILEICMEAL T TN HICHKT 5 L Bbn 55—
ZWRREO LN h -T2, 72, 1600 cn SO I K E L EALRBO NG r-722 &
5, Na-CMS@)—(6) DBRIZI1Z, I Na—RBALE 7o — 2B n—T VR, b
BWIIKBEO T NS L COTNMDBE b2 DEHZ LD,

&

PS D hNKRX¥ ¥ 2 FNMALTIE, TARBEED/NS WE-POKERIED F TERI N, R TL

HBEE DK E W ORI L B S 17z,

Wave number (cm™)
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Na-CMS (1) —(3) & Na-CMS (4) —(6) & mliz, B K O BB GIRE IC K & o2
DR b7z, ZHuE Na-CMS(1) —(3) & Na-CMS(4) —(6) & T, AN BRI N5 G
AR B L TH B,

Na-CMS(1) — (3) D EE—REIG % 1) WAE 20% F TOFRICBNT, ZLVKRF L AF
WEDHNKVBRF F) 7 20HE L% 72, —F, Na-CMS @) —(6) DE—FBFG % £
9 WA ER) 40% F TONRIGIC, T—T WA D 5 WIZKERFED C-O FHATA B H -
72, RGN AE 1Z Na-CMS @ DS ORIz fEn, I kS eo72, LRI L 2 F)L
R RBOKBRIEICERIND Z LI L ) B OE L B SR OZb R E 2 L %2
L, F—RAKEBEIEIZIFITERINTVWEIDITHNAE 2R LI RkEL k-T2, B0k
FEELIC EH I LTV 5 Na-CMS(4) —(6) DAMRIIGZ, 7 NVRE v A FNKICEEREL 5
2D T, BRENKE I LS AE DEALIZ/INE S oz % 2 72,
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