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Determination of Total Organic Carbon (TOC) in Biodegradable Plastics by
Combustion Oxidation Method

ZENG Ming, XIE Cang-hao, LIN Jie, LIU Shi-tu, CHEN Yan-fen, LI Dan’

(Guangzhou Customs Technical Center, Guangzhou 510070, China)

ABSTRACT: The work aims to determine the TOC in biodegradable plastics for packaging by the combustion oxidation
method. Samples with known inorganic carbonate fillers were treated with hydrochloric acidification and without acidifi-
cation respectively, and the differential effect of eliminating the interference of inorganic carbonate by acidifying samples
was studied. The combustion temperature was optimized by investigating and comparing at different temperature from the
TOC results of thin-layer cellulose. Under the optimized conditions, calcium carbonate was used as the standard material
for carbon content, and the actual sample of biodegradable plastics for packaging was quantitatively tested. The test mea-
surements showed that the deviation between the measured value and the theoretical value of the plastic sample after aci-
dification was only -1.22% ~ +1.42%, while the deviation between the measured value and the theoretical value of the
plastic sample without acidification was +7.40% ~ +29.36%, which indicated that the test result after acidification was
more accurate; Besides, the combustion and oxidation tests were carried out at 950 °C~ 1 250 °C respectively, and the

optimal combustion temperature was found to be 1 100 °C; The standard calibration curve was protracted with calcium
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carbonate as the standard material. In addition, the results showed that the standard calibration curve had a good linear

relationship in the range of 0.6 mg to 24 mg carbon content; Seven biodegradable plastic samples were tested, and the

deviation between the measured TOC and the theoretical calculated value was between -4.26% and +3.47%. The study

shows that the method is simple and has great linearity, high precision and accuracy. It is suitable for the determination of

TOC in biodegradable plastics.

KEY WORDS: biodegradable plastic; total organic carbon; combustion oxidation method
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Tab.1 Biodegradable plastic sample information (material types and their ingredient proportions)
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Fan 2l (AR L)
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XA TR C B T EEEE(PBAT) ¢ BILER(PLA) © MRS =

# o el ey
1 SRR T 60" 10 ° 30 36.20
X e — 7 Rl 7o el 11113 - BX Y WA © B AE=

ot YR T %XTK#Eﬁ@ﬂE_E&Tgﬂgﬁ?%@B D IR (PLA) | BRERES 4718
3t YRR T %Xﬁ%:ﬁﬂﬁﬁa:ﬁﬁT:ﬁgEgQg) D WILMR(PLA) | BRERf5= 40.34
4 P A %xﬁ%:%@ﬁa:@ﬁT:@ffg(?i? D WFLMR(PLA) @ BRI ES= 42.66
5" BRI A 7L M (PLA) : WA =70 : 30 35.00
6" FHRPRL T XA HER-C T —ElE(PBAT) 61.97
7* FHRPRL T RKFLBR(PLA) 50.00
8" FHRPRL T WT ZMRT _FHR(PBS) 55.81
9" BT FRETMIE(PHA) 55.80
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Tab.2 Determination result of TOC of thin cellulose at different combustion temperature
TOC SEMHE/% SR 5 BRI
WRBEIRLEEFC B AR R img —————— ToC g o TR g e,
FATREL PATRE2 M fhi2/%
5 37.12 36.67 36.90 -16.89
950 20 38.34 37.50 37.92 —14.59 —-15.17
50 38.40 37.94 38.17 —14.03
5 39.43 39.35 39.39 -11.28
1 000 20 39.35 39.10 39.23 —11.64 -11.36
50 39.40 39.48 39.44 -11.17
5 42.10 42.68 42.39 —4.53
1 050 20 42.71 42.35 42.53 —4.21 -5.11
50 41.59 41.37 41.48 —6.58
5 44.48 44.02 44.25 —0.34
1100 20 44.01 44.74 44.38 44.4 —0.04 —0.67
50 43.46 43.90 43.68 -1.62
5 45.62 46.10 45.86 +3.29
1150 20 45.24 46.13 45.69 +2.91 +3.13
50 45.79 45.82 45.81 +3.18
5 46.05 46.70 46.38 +4.50
1200 20 45.94 45.69 45.82 +3.20 +3.32
50 46.10 46.24 46.17 +3.99
5 46.45 46.36 46.41 +4.53
1250 20 46.84 46.14 46.49 +4.71 +4.61
50 46.18 46.69 46.44 +4.59
M T Al FEARBGERR, TOC Hyi 48
SE (AR BE A WA b i B8 ) T g T o) T8 7 950 °C
I, S IN{ELA FRE A B9 I 22 9 —16.89% ~ —14.03%, 46 |
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st 0 S RE FL R E R K
*4: 1 100 C’ﬁij‘jﬁéuuk.n}}n{mgo 8 40 +H¥E£%5 mg
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BB (TOC) = Bk (TC)—EIEHLER (TIC) 81 7 TOCHIBHRR
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N N 7AAY /L: A ~, s N P N 36 1 1 1 1 1 1 1
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210 45 %

=W RIS LR , FIKRRE e % & A B 128
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Fig.1 Average test values of TOC at different
temperature and different sampling amount
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Tab.3 Test results of a real sample after different pretreatment

Rl A TR I A Ak P S 45 21 9 TOC {EL/%

LM EE R N EEARR BRI TOC SZME 5 FR i
iy TOC BEiEiHBAE/% PR (R P2 T B 2 /%
FATEE 1 SEATEE 2 M

R (1+1) 36.14 36.21 36.18 -0.06

iR (1+3) 37.80 37.74 37.77 +4.34

36.20 iR (1+2) 37.61 37.42 37.52 +3.65

LR (1+1) 38.75 38.29 38.52 +6.41

fEfR (1+1) 34.19 34.82 34.51 -4.67
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T R A PN R 5 AN s T /K ), 25 5 7 S AR IR TR 5 36
TR BH L E i TR 55 5 R ) — 20 S I, A AR PR 5 AN )y 56
AN A eaR BT AR TOC H8br I
SR AT R4k B T 2R B BRI 5 H BT R . LR
A B RE—RE VLR , A 7E SRR S SN th e 58
SR, ATRE S PR R [a R i g LA A D B A HLAR 15 2K
TOC HYfe 2k 25 0w /=i o A R -5 i R 855 s 1o i A=
BB TR T 5 K, N2 7 6 AE A SO INE 4 Al T 605 4
i, ERYRR A R AR, S5 R
AL AT B = A A AR, AT A AT — 3 A
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BB R ER 1) JCHLIR Bk it o BERE P A R R S 22 1 55
BRI, AR EE IR, 1T RE -SRI ES
o PR FE NS s A ER PRV FE i v, WU AT e 5 2R b Ak
PR S 2 e B g, 6 0 — SR AR 1) TR] s Ay 2 — 5
SRR R, REEE R WL, BEEHE, T
R (1+1) VE R TRAIBOR IR 1R 6 5 0 2Rk
R

SrRIE B 1 1 20 R S A IRIRES ). 7
8" ( BN TIRIRAS ) FESD, K 4 B SER 21
FHT A TR AL T BTN 22 Ak WAL BE, 5L LI
TOC fH, #5544k 4 iR,

MFE 4 5T IL, X 1R 27 2 NS A IRIR S
B SR OREAE S, SEDUE S B T O W R 22

+7.40% ~ +29.36%, LA AR & SRR T
AT IR AL TN B, S 5 B TR R ) 22 R
RE-1.22% ~ +1.42%, Vi AR £k 19 Ak B ik 72 v] 5 5%
ZBRFES R AR IR E: T4, X T 77/ 87 2 AR
TR ES AR, KRR PR, SEE S5 e
T AR 22 —0.16% ~ +0.02%., 4 FH3h B2 75 Tk
PEAT R AL TAL B 5, S (B 5 BEIS T RAE 1 I 22 R
LR —0.52% ~ —0.20% , 15 FH R Tk 191 4k B o 7 X A6 i
WA DL A R

2.3 SEEREEmNI

PR 1.2 WHERE, At 1 R AYRESR 37 ~ o7k
17 TOC ki, Mlzs R L% 5.

M 5 ATAL, XT3 VLK IR &5 OB B AE 5
(3%~5") , TOC SZii&h 5 P58 (8 4G f 22
TE—1.22% ~+0.09%; X T A7 TCALBR B2 £5 0k 38
BHEESL (67 ~9%) , TOC SZil4h 55 PS54 (22
TE—4.26% ~ +3.47%, Ui B4 HE i S0 45 51 5 3 e 1t
B B — Bk

2.4 [ ESHEMIRERE

Ry 2% BT VR RORG 9 FE FTER B, 398 RS A LR
R AR LT SRR AE B RS &5 JCHLBR R 46 L 78
() 7B RERE T RE AT AR BGRB8  ER R 1.5 g
FESL, FES ZMAIR, BIMA 0.5 g FHERIRF IS,
PRI 20 mg 1R A J5 FIMBRAE T B & A b 3 18 1.2.2
TERAESEATRE ST B . SRR R L IR EAE R A 6
AT, gl mICR AR X AR R 2E (RSD)
ZEHRNEE 6 iR,

MR 6 ZERAT UL, SR FHAR O 36 X6 T SEBRAst i i n
FrIEICE K 95.92% ~ 98.96%, RSD fH A 0.91% ~
1.35%, BT 1 I 0 158 FIORS 2% 1 4T
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Tab.4 Comparison of test results for actual samples with and without acidification pretreatment

SR E]H) TOC {H/%

TOC SEMME 5 #S

Fefh ST TOC LB ILE AL
Fs BEHEEAE% ZemLHTAL AL WAL AR T 2k K
FATRE | EATREY PO PATRE L BApRE2 Pyl BUBIRMRZESe RTAEIRMZE%
1 36.20 35.36 36.15 35.76 46.28 47.38 46.83 -1.22 +29.36
2" 47.18 47.87 47.82 47.85 50.86 50.48 50.67 +1.42 +7.40
7* 50.00 49.63 49.85 49.74 49.89 49.95 49.92 —-0.52 —-0.16
8" 55.81 55.71 55.69 55.70 55.86 55.78 55.82 —-0.20 +0.02
®5 LEHERUNXER
Tab.5 Test results of real samples
TOC FZIME/% STNE S
B2 TOC M3 /% _ Sl JMIE SRE T
FATHE 1 FATRE 2 34 H 1 22/%
3# 40.34 40.24 40.02 40.13 —-0.52
4* 42.66 42.21 42.07 42.14 -1.22
5% 35.00 34.72 35.33 35.03 +0.09
6" 61.97 63.91 64.32 64.12 +3.47
7" 50.00 50.13 48.95 49.54 —-0.92
8" 55.81 57.06 55.80 56.43 +1.11
9" 55.80 53.94 52.90 53.42 —4.26
R 6 SCEREEMAY LY RFNER AR AR E
Tab.6 Recovery and relative standard deviation of real samples
s TG D [ i 5 1% S T AR
=2 - ..
" A% S % b % TEIE% TR %%
" 4391, 43.16, 43.94, 42.59, 9890, 97.21, 98.96, 95.92,
5 44.4 43.31 97.53 1.35
4271, 43.52 96.19. 98.02
" 43.25, 43.97, 43.00, 43.81, 97.41, 99.03, 96.85, 98.67,
7 44.4 43.53 98.03 0.91

43.84, 43.28

98.74. 97.48
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