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Determination of chlorine and bromine in epoxy resins by online
combustion ion chromatography
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Abstract A method for the simultaneous determination of chlorine and bromine in epoxy resins by
online combustion ion chromatography was developed. High-temperature pyrolysis furnace coupled
with ion chromatography was used to decompose and gasify the samples at high temperature, and
hydrogen peroxide (100 mg-L™") was used as absorbent. The resulting hydrogen halide gas was
absorbed and transformed into inorganic halogen anions, and the samples were separated and
determined by ion chromatography, which was quantified by an external standard method using the
peak area of chlorine and bromine. Parameters that affect the combustion effect and the accuracy of

the results such as combustion time, combustion temperature, the volume of the absorption liquid,
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sample weight, and the flow rate of oxygen and argon were optimized. In the range of (0.10 —
2.50) mg-L™" and (0.02—0.50) mg-L™", the linear correlation coefficient (+*) of chlorine and bromine
was greater than 0.999. The limits of quantitation of this method for chlorine and bromine was
0.55 mg-kg ' and 2.60 mg-kg', respectively. Chlorine and bromine in epoxy resins and EC680k low-
density polyethylene certified reference materials were determined by the established method, and the
results were compared with the traditional oxygen bomb combustion-ion chromatography. The
results showed that the relative standard deviations of chlorine and bromine in epoxy resins were
1.28% and 2.29%, respectively, which were consistent with the results of oxygen bomb combustion-
ion chromatography, the determination results of EC680k wee in accordance with the certified value,
which proves that the method has good accuracy and precision. The method has high accuracy,
sensitivity and repeatability, and can meet the requirements of screening chlorine and bromine
content in batch samples and quality control of multi-batch products.

Keywords online combustion ion chromatography, epoxy resins, chlorine, bromine.
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FE PR —EE Y, T RERE L E R AT R, FME AR AR, JE TR AE A LTS Y (POPs),
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WRBE TR BEAE AR R BT 58 4, B SRR /N, RS 5 32 815 Gy, BB AR e vl 5 0z ik A
BIALFR EEAR, A o DU LS, HRBE ST 1 3R 2 45 5 W BT 7 40 o4 18 PR RE B i KR L, 75 AT 4 o k.
o T AR e S A T SR P — P v TR e SR i o B WSO R A A A B R 1
o, FE R ORKZE IR A AR T b A7 s R S AR 8 . 224 S Ak, TR B 2R A7 7K 28 AR M 3 s W i
RIS ER VR B, H TR A W & TR A 10 R A BB, B RO B T B A )R AT S SR
A 2R P I . 2O AR T R SRR P SE S B AR I, T &
U B RS FR YRt AR S VAR I E , EG T B AU i ORI ] A 0 A DL

AT R FH o AR e A vk A 7 P SR g R ot T A 8L, X552 i e YRR s A S G A T T BERRAR
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) L 920 BUAE SR ISRIEL | 930 Y B - A 1k S AT AR . MagIC Net 42 il J 14 Fi A % R Bl
TRV S B N ZE IR E 1050 °C, IRAEE+1 °C. ERbedk B M HMHF (RA 268 %) W A TR K
YA 5 ICS-50007 89 125 - (4,154%, 26 [ Thermo 23 H]. XP205 # L+~ KF-, Fii - Mettler Toledo 23 ], fix
KFRFER 220 g, /N3 B 0.01 mg. Milli-Q Integral #4li/K 24t 15 [E Merck /A H].

GBW(E) 080268 5 & T I bR MEW) 5, e SN 1000 pg- mL™!, FXT 9™ B AH E E N 0.7%(k=2)
GBW 06205 T AL HR o IR o3 o3 BT AR HE P 5T, TR 75 B 67.150%, 3§78 AN 22 i 0.014%(k=2) ; GBW (E)
080549 7K 1 JEUVA bR EH) 5, W BE R 1000 pg- mL™', A JBARH & B 4 1%(k=2); GBW (E) 080266
K R R AR S AR ER) T, R B R 1000 g mL™!, AHXTY RASHH 2 B h 0.7%(k=2) ; 4 Fhbr e T35 1
H T E R RRA I . 2 FT, L GBW 06205 1RALER A 5 4343 Hrbr o ) o B il iR 2 100 pg: mL!
(AT B AR E TR . TG T 34 R R 4l /K R 17 L il . ERM-EC680k Fll ERM-EC681k k% i 3R 2 M b
HEY T A TR 2 51 S RS AT RO R v T S I 5 AF 5T BE (IRMM ), ERM-EC680k H & TR (A
HEAE 239 4 : (102.243.0) mg- kg, (96+4) mg- kg'; ERM-EC681k H 48 Fl ¥ A4 s i {E 23 1 4« (800+
50) mg- kg, (770+40) mg- kg™, Jo/KBREREN . B2 S 4N H T2 [ Merck A Bl iR, L at, I H F
] 24 48 Ak 25850 A BR A /)5 ik B AL R, BVITT 4%, W A b st A2 sl R A o2 . i 4l S SR < 4l
J£>99.99%. F AR 1R AR EA, B L ZREE 48 A R 58 BT 4L,

1.2 fESIRbe s T o ik kil

FELR RSB T (3 1k 1 DRUEEL S . RS R R B 7 22 1 hadb R 2 4 U e IR IR P A 0 I, 1 e R
SR BT AR, B A KRS IR A S T B IRk e . 24 1 Sk, T b &SR,
SR BT TR, ph s S A SR A, PR AR R T A TRAE R R LA BT T, RO
WCEE BV BE I L3 TN B T (0 A, 3 5t 7 A v T 2R, AU T ARG A o A SRR R4 7 5 1 20 #
TELR AR B - (3 45 by B S 3R] LA 1.
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Fig.1 Structure and schematic diagram of online combustion ion chromatography

P2k Bod S A . 5. R RIRRE TR SR ER R L S 53 T O a8 ee ), K
4 TS TR EE 43991 R 1,00, 2,50, 0.50., 5.00 mg-L " I % Ik i 45 B v o B s AR FHARFRIRIR &
P 1R 05 R (e I R B2 A 1 R AR B 200 L), i o it 4 v G088 Wk B2 43 530 0,10, 0.25. 0.50., 1.25,
2.50 mg- L', RS T ¥ /0 %14 0.02, 0.05, 0.10, 0.25. 0.50 mg-L™'. 28 T (O i5%4r 8 Jm, DL i AU b
THE VS YRR R 24 A R £k

S ARUERE T e S ARG 2L 5 AN Kk AR, ELAE A A 5 70 53 A R be . 240 S <Ak, 1 5T
SR TR B TR AL, SR R, A E AU 300 mL-min!, B N
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100 mL-min”". #EFHFREL(4—7) mg FRER BERE S CRERR 2 0.01 mg) T47 SRS K, g2 HERE 5 58 4R
B, REDEAE G E TR A TR R ALE, SR A B SRS 8 AR 24 b BB F (i 5 1, B
DU ot SRR . SRR AR S 52 M, A S S FHAE HERE R T, 75 B T S 385 Th 7 800 C T4
A% 2 h. 3E 2k ST BRI 2 DL SRR SRR I L RSO AR R SO RE AR R, AR A B 45 th R s
o AERIE ST

FRBED IR B IR BE : 1030 °C5 FABERT [H]: 400 s; ¥R HIET ] : 400 s; 503 : 300 mL-min™'; &< :
100 mL-min”"; B ULH&: 100 mg L™ i A A0 &, ISR FH: 6 mL; #RJ5e B + (A 3% F2E W : 100 mmol L' fift
g2 . {6,33% # : Metrosep A Supp 5(5 um, 150 mmx4.0 mm) ; 74 4ii 4 : Metrosep A PCC1 HC/4.0; Ik 1 & -
3.2 mmol-L™" Na,CO; Al 1.0 mmol'L™" NaHCO; IR & ¥ ; # il : 30 °C; WRPE M I # : 0.7 mL-min™'; #FHF
I 50 pL 8 200 pL; Al 4. B A 25
1.3 SR - B - A5k D

FREX 0.3 gORE Al 2 0.0001 g) 11 P15 AR T B2 1A v, K 23 A S0 Py A v, 35 50 7 SIS
FBMA 5 mL W (0.45 mol-L™' Na,CO5 1 0.08 mol-L™' NaHCO; 1A AWK ), 1E4A22 B Py 4di A 2 mm T8
BRI A% O A K 2, o — S ARE S R, 1) B P 2 min B AU R R AU, w LR R,
P12 A PN P AU 3.0 MPa. K47 B AL E KR, A R A I, SRS TE 8 V HUIE T SUARE Y. 7
KU HECE 30 min f5, FEAT RIS A8 0, ORI SITEZY 15 min, FTFF 5050 55, 0400 P i
W % 250 mL Z5f i, FH O b 7 e 7K A7 20 Ve U U 25 R S N R T, B 0T IT A I, B 4. LA
BT LR E X AT B I, MR TR RRUE . B Ak AT

3% 4. AS23(5 pum, 250 mmx4. 0 mm) , 3£ [E Thermo 23 7l ; WL WL ¥ : 0.45 mol-L™' Na,CO; Fil
0.08 mol-L™' NaHCO; IR & ¥ ; K PEW: 4.5 mmol-L™' Na,CO; F1 0.8 mmol-L™' NaHCO; & 14 1 ; vk
THE: 1.0 mL-min . KA. HSPAGI#8; SRR 25 pl.

2 Z5 B 59718 (Results and discussion)

2.1 PRBEIREE B RE

e il RR AR B AR HTR A i 58 R be, DTS AR o v 1) i A4 58 4 2 ik DR 400 R A A L. A5
T E 1A, VUVRE R BRE AN 8 4, TR BRI E o R ), 2% 5 5 50 o 2% T 0 AW i %) sF 1) Rt e A e £
AN TR il B BRSO R AR AR B I T A R PR AIEAE i 1 7 43 AR DRI, g (BI FRG 10 °C L B %%
T 980—1050 °C 75576 BBl PR BE IR B T SR S rh SRR Y 75 1, 45 5 ILIA] 2.
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Fig.2 Effect of combustion temperature
ML 2 ] L, Bt 35 R U B 8 T g, B SR T v SRR A 5 S 2 i O, AR IR R T 1000 °C
S, SRR I R (E A PR, T W RE 08 S BIUAE Al A4 58 A A Be. 1l TR T B aed v 2 4 o Db
BRI A, 285 75 SRRSO R T 77 i, SR EFEROHRBEIR L D 1030 °C.
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22 JRBERTIE] Ay BERE

HRIGE T[] J2 5% M R BRI (1) F B S48, 43 I %5 4% T HE 100 | 200 300, 400 s Hif S0 AR (410 5 45
SN 3 AT UL, 7E 1030 °C RARSIR BN, Bl G BRBE T [R] A9 SE K, GURNR Y B i B G R, Y BB ] 3k
£ 400 s, M AEfe K. PSS AT 152 B 1 e K BR A S) 8] R 400 s, fre & BE 35 B BR ST [H] A 400 s.
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~—~ 4500 =
1
o " . 2 s00f
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Fig.3 Effect of combustion time

2.3 FRRE RN O R AR )

TSR A SRR AT R 25 R, R IR S S R R, PR R AR S TR R
oA (0.10—2.50 ) mg-L ', JRES T HIHEEE M (0.02—0.50 )mg-L'; 4k, BT ISEAH/ NN 0.01 mg,
N ARTERR 5 I A AN 8 BEAE T 2000, PRI ZR-5 75 bR v VA T 1) 2 M 3 P RPR B A 2, e X %
I SE B G B i 0 FRBE 2 7E (4—7) mg, EC680k (1 FRFE 1 oA (14—17) mg, WSO I 328 B (R B 43 551 4
50 puL #1200 pL.

2.4 W AR R

FELRUERE S 08B . AL 58 A A ol i 25 8 F AT B2 R, A O bl 28 4 R ATk 58 4 W, 3
W SR A T 2R 430 5 48 T WOBOBIR R 4. 5. 6 mL B PR S A IR AR 1) D 45 51 . I
4 FTLAF Y WSO R Xt SR T 6L 5 0 45 SR 1) 5 T 25 31 R R, WOV A 6 mL B, SEURNRL )
Py, R AR A B BRI AR BN 6 mL.

4500 — (@ 500~ (b)
4400 i
o - ~ 480
;" 4300 oo
g ol + W
20
= 4200 g L
5 E; 460
=
g 4100 - % L
o ° L
4000 | 3 440
200F aF
100 - 20
0 0 |
4 5 6 4 5 6
Absorption solution volume/mL Absorption solution volume/mL

4 WCHRARRR B R

Fig.4 Effect of absorption solution volume

2.5 ZRPEVERL. KR KoE B R IR

FERACHY SIS T, X — ZRFUAS [F Ve BE (TR A A VA W EA 700 22, SR FH /N 30 vk LA €8 135 0 1]
() X TR B P RO W () AT RS, SRRk a2 45 SRR, & Tk BT
(0.10—2.50) mg-L™", JR B 74 B 7E (0.02—0.50) mg-L™" J Bl Y, LR PEAH 6 2 50(2) KT 0.9999. H 45
3 A5 10 %515 M b 0 503 3 SR R T 1 A4S H R (LOD, S/IN=3) FlliE 1 T FR(LOQ, S/N =10). i ]
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FESFRFEE 5 mg, WO IRF R 6 mL #E473H58, %05 v 5 T &R 94 H R 251 4 . 0.17 mg- kg™
0.78 mg- kg™, FE & FBRA>54: 0.55 mg- kg™ 12.60 mg- kg ' (WL 1).

F 1 FAREFIOLRERTE, &t K HRAE R TR (mg L)
Table 1 Retention time, linearity, detection limits (LOD) and quantitation limits (LOQ) of chlorine and bromine (mg-L™")

YA I:WH‘ VFI/ : éi, : 11 . N T /1,4;?"‘
b R 7] /min MR ety | XTEGH Lob 100
Analyte Retention time Regression equation Linear range
Cl 5.94 y=0.4160+0.0137x 0.9999 0.10—2.50 2.64 8.83
Br 8.54 y=0.0120+0.0047x 0.9992 0.02—0.50 2.34 7.80

2.6 JrEEAERRE

K AT B AR Sk b B - (o i 1k R AR SR b - B - (L s o0 I 2 T B S80S g b SRR A 5 1
S ARIE I 5 25 SR B MER T 4, 43 1SR FH BC680k Fll EC681k 1E S B # A S AT 7 ML e, U3 4, 7RIk
P B T 0 T I S T, B ST R R PR MRV WA T T B B 0 ) A S A%, X SRR R R 43 il
7 0.50 mg- L™ F10.10 mg- L™ AOFRAER W T 52 HEAE 5 UK, I 45 SR A RS 2 2 431 R 0.62% Fil 1.08%, 15
A (335 D0 8 40 B AR M R, A LS A b T AR AR S B DU . I R e, BEIRT R 4 SRR S AT
EC680k i, AAE IEAN AR 1AL . S0 TRIA R -85 1~ (i vy, pR T S0 oche S ) B | 1 45 3 10 S H Al 3
PE 5 T B G RTR DRI A R S A B ot A PR R W A 5 8 /K R B b i a3 D, R 72
GTUE RN RS , B AR TR 250 mL. 7RISR RS B T (535 1 0 5 EC680k rft SRR (1 25 4 (74
(B b5 M 22, n=3) 43 3 8. (104.2£2.2) mg- kg™', (98.1+3.0) mg- kg's % 3L #A e - + 0 3% 15 I
EC681k H G TR 145 5 CF- Y {E+bR WA 22, n=3) 7351 4: (795+10)mg- kg ', (749+10)mg- kg ', BiFhJs
20 A2 45 3 38 5 bn W T 00 bR E BB AT B, 3T T RS R Y 1% A3 i A 99.3%—102% F
97.2%—102%. B 7 75 X B 80 iR B4 00 5 235 2 DL 3% 2, PR 2R R B 15 - € 1 v s o p 20 FIVRE 5t 1) £ 3%
LI 5.

2 HEMHMELSR (mg kg, n=6)
Table 2 Results of the samples (mg- kg™, n=6)

TESIRE R T (i ik SRR B T ik
M5E 45 Online combustion-ion chromatography Oxygen bomb combustion-ion chromatography

Analyte P " P i
1 4301 482 4332 493
2 4352 465 4357 505
3 4235 471 4341 512
4 4273 490 4356 511
5 4341 492 4222 511
6 4218 488 4303 510

FIH 4287 481 4319 507

RSD /% 1.28 2.29 1.19 1.44

H12¢ 2 AT LI, PR 7 2 D00 5 Sl R 40 SR — 30, 0 W e A RO o 2R ik A0 4 SERU R 58 P Pl ASE: it i Ak 27
2, BIRESE BRI i 00 58 ke, RG-Sl A4 [ e R — B 7E LR be B8 7 ik I 5 TR A 45 2R 55 40
PRS- T A A LR IR 2 5%, (R #E4T EC680K Wl 5 B, W 5 45 5 5 bR i ( — 50, BEIIXT TR & it
o AR A, e AR AR S - B T T DN S 9 (eSO IR T S b - B T @ I, DA A T AR LR R
B TN R I 75 2R 1 BE AR [R] sl 3T B b v ) B B4 7 P2 AN D5 EE BN D5 4h, dhi 18] 5l L, 7E2 ik
BERs T OIEIATE 17 min BI AT SCEURE i 09 70 B0, R A SRR SR SO0, BREE — IV HE b e 2224
35 min (400 7 BF ) A, FEA R 9 D 7 1o 11 24 58 20 min, PG 5 4% 4 9 S0 UBR B -25 F (5 Tk A HE, R
RAFFE T oMt ), A PGy RSO G | HERRBER T, BERE TG A2 H R I A 755K
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Fig.5 Ion chromatogram of standard solution(a) and epoxy resins(b)

3 4518 (Conclusion)

ARSCHESE T AR LRSS 1 (13 [R] I 2 B S0 SRR A8 20 O i, 3d o o MR Bt B2 | AR e et
] W AR SRR R L PR B S R PR e R AL, S 1 2R SR I A v it R AR e 1
WAL T2 0 I MAL, 3 e 45 S A e - B 1 Bk HARE, IR W 135 EA MER T 5, T SRR A el i R A
i PAC AR AE AR, BE— 2D 3R i 1R T @RI E T vk 0 R, AR TR R SR A E L TR
WABERS T ORI R o A Sh AL B . R MLy, B B0R BOMER BE, 18 & THE AR o P SRR Y
O A N Z2HEUCO™ Al B B
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