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Abstract

In order to improve the flame retardancy of starch, modified starch containing different metal
ions (Na*. K*. Li*) was prepared in the alcohol phase by using the corn starch as raw material. The
structure and properties were characterized by Fourier transform infrared, limiting oxygen index,
inductively coupled plasma-emission spectroscopy and thermogravimetric analysis. The FTIR
shows that the native starch was successfully reactioned with metal ions; the LOI and ICP results
show that the LOI values of the modified starch were higher than the native starch, and the higher
the metal ion content, the higher the LOI values of the modified starch; the results from TGA indi-
cate that the presence of alkali metal ion greatly increases the residual amount of the sample, and
the residue of the modified starch in the combustion process can constitute an expanded carbon
layer and catalyze the formation of a stable substance in the thermal cracking of the starch. It can
be seen that the introduction of metal ions has a certain improvement on the flame retardancy of
the native starch.
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1. 5|8

TER & BRI AEE ) — R RN EM Z0E, BRI AEARENE. rTAYIRERRYE . P 2
TEEVESEVERE . e L R A R M 2 R, BRE AN, Tolk REH T HIERNE . mEiE. W
R RS, B TR . Rakr B, SRR B 2 A IR R R 1] [2]. TERTTLL
BIERME R =R, HEHERKEN Co Hy O JLEK[3], FIIEMK S ke, Ak kPR A 2L
N 20, IEASESHBERA R IFRHE, DRI R 1 BELAR 0 A2 0 L 1T

BIAT, TR T SRS VXM DR E B, B R o AR BIR BT 1. BRI £
PP, 32 FH 1543 s I AL SRR R RN s S Y BELR (4] [5]o 1IBm X8 - 2B R B IT &, B
W52 A TEAL R K 4 8 S A AL 36 T A R BELA TR, 2 5 S B ST BELA R i R AT AR AL
BEIATR S B HLm 2 T RARISE[6]. IE LR, o FADRIBER MR B S e N T — N AT, &)@ &
TEHEREIREMTIN, SEma AR BMERE . BRI RE AR R T — @ MR [7]. [E ] AMERT A
JRIOZLAAT NI BRI, AEMFRSHNMESEE T(: Na's K's Mg™', Ca™" S5t AW i B 5 11 P v
P T BRI, B RS U A R AR A, BNAE R, D WA A R R TR Sk 4
(1)=& [8]. Geoffrey N. Richards Z£[910F 7L 1 AN Al 142 8 55 (A4 B 1 B0 B 1 R4 55 1) XA £ 4 PR
PEREFI LA I FZMT . Din Mohammad %[ 101HF 78 1 i V8 4 o0 32 R0 58 FF 66 R 04 e Y T 00 B AR D 20
ASCEIT S, R B R N R IEER 7 7o L3 b T &R T, RS R s, 5
AN EAREONA ., B G S AR R R A S L aE M AN SR Rtk AT T
RAEM T, BEAT Na's K'v Li6HE B ERERIFEMA, SAve A BRI AL T — Pt M FB 77 V5
2. SCIOERSY
2.1. RFIS5L=E

FoRVEN, RERHESOARAR; AA. SEH . SEME, abral, EZERL R
AIRAF: TKOEE, oiva, EZAERERFARAR; RO, ira, B 255006 R

ANl 95%MHI L, SER AL TR BT K F: Mettler Toledo; HIENUMIEFEAS: T8 HRMY
WHIRAT]; HETEEMDZE-6050): EFERMU G R AT .
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2.2. MM EYHIE

FEHETEH AR AN — & BEMFER (8.1 @M T/K ZWE(30 mL), AL HEFENUE SR 7E 00 B, 4R
Ja o AN — 2 B AN S A S A e 5 A A EE R HL 2 AN 1:0.754 1:14 1:1.25,
115, Z05IH 14, 2#. 3#. 4#K0R), 1E SOCHIIREE FHEAT IS, SRRy 30 min, SREIMA—E &
A LR LB TER 5 R QBRI BE RN 1:1), 4882 8 4 h R A] 15 2R A & 8 3 7 & i e ek
WA B e B ) 95% ) L REDEG: 5~6 IR, RIEE THZTEMA P TE Sh, 52 AR,

2.3, MR/ SRR FH

{8 L 2T A6 1% X (Nicolet 5 700);  HHLJBGHE & 25 55 T4 R 6 1E{X (ICP-OES, Avio™200); #% R4 4541
MARAL(HC-2); FE 11 (Mettler-ToledoTGA/SDTAS8591¢), B EG AT LA 10°C/min f3E 2 M=
IETHE 600°C

3. IWERSETR
3.1. MRS

BT ONTERR (St R ICIEIER I e R 8 AR ) 5 AN [FAN B & B IR B ERUE R - #M(CMS-Na,
NOCH LR BRI IER - AN AR AL AN B . AN 1 T RLE Y, SERAE 3289.1 em ! FHHIL HE B
Wil A-OH B AR TR S, #F 2937.4 cm™' AT 1152.2 em™ JET B B AR ST 43 53] 4 C-H AT C-O
XS FRARAEIR B NCUE[ 1], 7E 1640.6 em™" BT H B ARFAE G A -OH 92 BRSNS, 7F 1081.8 cm™
HILT C-O WM HR S FAE RIS IE o T 7 CMS-Na FIZE /M A, C-H F1-OH F4RAE IR AT G DR e ey
HEEE T E R R T ARG, W ROX IR JE R 0] fE R iR C-H 5(-OH 2 2|4 )&
B R W Ao AR FE R AT PR R EE U 55 E 1245.3 em ! AT 1604.6 e BT HY B A IR UG R R TR L
C-O HIHRBNRISIE[12], X =AM FR IR H R AE R . AN 1B T LB Y, BEAE &8 B TN, ¥
R I REAE WA Rl 55, 1T P S R R g B A, s I 17T 72 A R PR TR 3k PR AR TR R A Ve R 3 5, R BH T S S
TR R T3k b BRI IETER - BI(CMS-K, FSCH LA FF 3Lyt - 41 AR B g i
FLUERY - #(CMS-Li, FICHBUMER Rk - IR S CMS-Na A AMEEEAR—3, [FEEA] 4
AT - R B8 XU by &5 R 5 i 1 21 40 P i
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Figure 1. FTIR spectra of native starch and CMS-Na
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3.2. ERBHERETRE

1. £ 2 F1E 3 4358 CMS-Na. CMS-K Al CMS-Li 4. SRR T I& B, W 1 alLEH,
4 fh CMS-Na FE 5 7S BN 1.53%, 2.46%, 4.95%, 7.03%; ME 2 ATLUEH 4 F CMS-K
K RE S R T R BN 3.06%, 3.99%, 5.37%, 5.64%; MFE 3 TTLLE H 4 Fl CMS-Li JE M FE 5 28
B &N 0.08%, 0.19%, 0.50%, 1.03%. M 1. 722 A 3 s A Ta] DAASHAN PR e # v i) =
B E T B IRRREZE, AT DME AR FUAN [F) 42 8 55 1 & 20 Ve A LA VR I s R0 5 AR
T AR A VERD R UL, CMS-Li FPEEES & B ALK, FIREZ FUATER & M f2dr, ek S E A
SV R R K Ze R TE SR VA VR P T I 2R, 3 R o 0 2 - AR 8 - PR IR AR T e 4
B IMRAC, AT 5 BORE it HR A S 1 1) B AR BRI
Table 1. Sodium ion content in CMS-Na
= 1. RPEER - WERTFHEFEE

T St 1#CMS-Na 2#CMS-Na 3#CMS-Na 4#CMS-Na
Na' & &/wt% 0 1.53 246 4.95 7.03

Table 2. Potassium ion content in CMS-K

2. REAEEEY - IHRTHETRE

FE St 1#CMS-K 2#CMS-K 3#HCMS-K 4#CMS-K
K& &/wt% 0 3.06 3.99 5.37 5.64

Table 3. Lithium ion content in CMS-Li
3. RPEEN - EHRPESTFEE

FE St 1#CMS-Li 2#CMS-Li 3#CMS-Li 4#CMS-Li
Li" & E/wt% 0 0.08 0.19 0.50 1.03

3.3. BEEMEIHRREIEH

MR FEE(LOD R IRAERE K2 AT, MORHE A BB & R T AT IR P I F5 ZER i IREIR . DR
ST AR E BB R R . 18 20 T 3 RIEL 4 3o ST AR BR SR AR . AT e]
DA, =Fr e IS FRE (e 7 ik MR A TE8UE, EIETER i) LOL (BN 20%, 1M
BT P SE R K LOTE AT LUA R 32% (K 2), (EFHER £ 2 R IRMERRGE ;s #1 T 5H#LE T 5IN,
R VEA ¥ LOL (B 4 ) # n 2) 26 A1 28 (151 31 [ 4), [EVEMARIER KG AT LLE KR Ui =R )8 87
MR Ve A T — € MFRACR, HEme 7 aalliem, SiEiem i Lol Ek, PRMAIERLT .
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Figure 2. LOI values of native starch and CMS-Na
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Figure 3. LOI values of native starch and CMS-K
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Figure 4. LOI values of native starch and CMS-Li
4. SEMERBEEN - BORREEHE

34. BHEEMBIRE ST

A HT(TGA) R FETERR 742 U B M = A D0 1 R 2 5 TS R R R — PR i iR, A
AR T ENE . &5 FE 6 20 B J9iER F =Mt iE B i TG 1 DTG #iZk. MIETaf LA,
VERD . 4#CMS-Na. 4#CMS-K Hl 44#CMS-Li (FA ML T 250 =B Be, X8 TG/DTG #iZk By =
AN B 13] MR — N BORZA R AELE 30°C~280°C, 1] 4#CMS-Na. 4#CMS-K il 4#CMS-Li
TEIX— P B FAFERRAE 30°C~230°C R4, 1X—Wr B 2k 42 B pRE i P 45 /K R 08 0 32 R 11 o
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Figure 5. TG plots curves of native starch and modified starch
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Figure 6. DTG plots curves of native starch and modified starch

6. FEMSHMEEHE DTG Bhzk

FE 0 0T B0 2R 2 R AR AE B B B, 1 B R Ve Ry b AR SR Y, PR C-C-HL
C-O F1 C-C % K THERIBIZL[14], A% CO. CO, Al HyO Z5/ Ny T HIMIIR o VERY PAR B S A B A
280°C~360°C , T B vE 4 55 B BRI AE 230°C~320C K4, MWEF AT LA H, 4#CMS-Na. 4#CMS-K
F 4#CMS-Li HEN AT B B I P L Ve A A6, 32 BRI B4 ol 0 Bt L Ve R IG, 3 10 BH ik
VERTEBARIRE 20 i ol RS, AT IR AR 8k B3 K S PT RE A IR B 2SS0, BT DATEIA B35 K R
BRI BRI/ o T ELAR S B B TR I R R T B T — R EA Y, SO Ry R R T
CATEBR I PR B 26 R AR FR Ak 22 SN, 7 25 K 1) 48 AL, SREETE ek A S ) T — e R4 e H
BEAS T AT BR SR B3 H DA R 5 2 SR04, a3 7 BHIR AR, AT A8 e i A 8 N e T BT B 11 Ui
JEE RN 3 B R AR B S SR IR FE S L Ve M B . V) . 4#CMS-Na. 4#CMS-K Fl 4#CMS-Li [7EIX— B
IR AR 2 20 N 69.76% 44.56% 49.98% 45.62%, R AT LAE Ve 7EIX — M BL A S 3 R B s
TOEVER, TR AHERTANES 1 S 1. BB RS ML HEVE R IR LR . TR, AR 2 RER
JR AR AR R B K B 2 7 A B — Ll B IR, B A BRI FR I AT R — 2P R AR K R R
A BRI RPN, 2B TR, AR IR AN K R I S A ) TR AR A A g, IX AT RE A e
VER KRB SRR 2 —[14] [15]0

360°C~600°C NTER 5 = I BERF AR EETE I, 320°C~600C N 4#CMS-Na. 4#CMS-K Fl 4#CMS-Li
B BRI E . X B, LR A A B B AR A I R 1A () — 2 v R Ak LA L
k. JERMTE 600°CIHIFR A BEIUN 12.94%, I 4#CMS-Na. 4#CMS-K Fll 4#CMS-Li 7£ 600°C {15 B &l
5 F 35.52%- 30.95%- 33.49%, HIULTTHL, JERTE 600°C 15k B 5 B i LU ol Ja R ve Mk, 9 ] DA
Wi, Na's K'v Li"0] DLRZMAVE B O3, (A0 LTE = SRR AR B 2R s iAo il =4, PR T £
R, BEERRE, BCKER, MM 4#CMS-Na. 4#CMS-K Fll 4#CMS-Li [ 5 &5 i T 308
Perm T Ve PRI MERE16]

4. &g

ARSI AR PR, BB RS R EF A E e, FE BT AR AT R AE S5 2

1) LOL M1 ICP 45 3R M, Na's K' Li'MfF/ER & T iek iR E e %, H Lol fHMi& BT &
I INEK; CMS-Na Fl CMS-K H &8 & 1 & EAER B s, CMS-Li H Li & AR /b . k]
DAHEWT, Na' 25 5 HeB, [F]B CMS-Na ] LOI B 5 i1, 68 Na BRSO BT s KT BARE B HR, A CMS-K
(1] LOI Mk, B KPR RCRAE X B 2 Li AR B #ek, {H/& CMS-Li [ LOL fE AR B, B8 Lit
PELIARG G UT o 2 kith, Na' 2 JEb BEIR e i e b iy i ¢
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