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— Abstract —

A Case Study on the Release Characteristic and Removal Efficiency of
Vinyl Chloride in the Poly Vinyl Chloride Extrusion Process

Dong Uk, Park

Industrial Health Research Institute, Kovea Industrial Safety Co.

This study was carried out to investigate characteristic of vinyl chloride emissioned
from poly vinyl chloride extrusion process and to evaluate the efficiency of local exhaust
ventilation system. Before local ventilation facility was constructed in poly vinyl chloride
extrusion process, the average worker exposure to vinyl chloride was 3.15 ppm, which
exceeded Threshold Limit Value of American Conference of Gorvernmental Industrial
Hygienists (ACGIH-TLV). 1 ppm. 1t is possible that vinyl chloride residues in the poly
vinyl chloride resin was released or degased due to extrusion heat. The larger the width
of vinyl tube become, the higher worker exposure to vinyl chloride was. It is estimated
that vinyl chloride from vinyl chloride resin increased as amount of poly vinyl chloride
resin extruded in the extrusion process increased. Canopy hood was an appropriate type
for poly vinyl chloride resin extrusion provess. This local exhaust ventilation has fan
static pressure of 7.65 inch wg (190 mmH.0), total volumetnic flowlate of 4,796 CFM
(135.8 m*/min) and fan power requirement of 12 hp (8.952 Kw). After this local exhaust
ventilation was constructed there, the average concentration of worker exposure to vinyl
chloride was reduced to be 0.46 ppm, which was below the Threshold Limit Value, 1
ppm. Also, the removal efficiency rate of vinyl chloride attained by local exhaust ventila-
tion was 85.3%. It was a statistically significant (p<<0.01).
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Table 1. Worker Exposure to Vinyl Chloride by Tube Width
in the Extrusion Process without l.ocal Exhaust

Venulatlon

Tube Width Airborne Vinyl Chlonde Concentration (ppm)
(mm}) Sample NO Range Neam+SD
7.5 5 0.72—2.01 1.45+0.28
15 6 2.11-3.11 2.46+0.19
30 6 2.00—3.21 2.85%0.40
50 4 2.82—4.12 3.45%0.36
70 5 2.92-3.94 3.41+0.60
90 5 3.60—4.38 3.92+0.48
100 5 4.01—5.49 4,5510.91
Total 36 0.72-5.49 3.1541.07

__93._



Table 2. Calculation Formula for Design of Local Exhaust

Ventilation
Design Variable Formula
Q (Exhaust Air Flow) 14 PDV
SP (Hood Static Pressue) (1L0+F,)VP
0.533
H; (Friction Factor) 0.0307%{5

Q. (Corrected Volumetric Flowlate) ~ Oyeqigne/’ mgh/ SPiow

VP, (Resultant Velocity Pressure)

FSP (Fan Static Pressure) SP outier SPinter- VPintet

P Perimeter for Vinyl Chioride Emission Source

D: Distance from Hood face to Farthest Point of Vinyl Chloride Release
V: Capture Velocity,

F\: Duct Entry Loss Factor
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Fig. 1. Relationship between Vinyl Chloride Emission-
ed from Extrusion Process and Vinyl Tube Wi-
dth.

a7l st e g A7) 2 LA f8 A
o E4E AT &Y ARERe g7
o FHAM dAFLRE(160—220T )2 gt
¥ F9¥(air cooling)? 424 (water cooling) 2 &
A dnid=N

] BAHE Flol AFHS A
A oln FYREE dE719 610.23 fpm(3.1
m/sec) ¥ 39.37 fpm(0.2 m/sec) 181 E
WA E 0.66 1t(0.2 m)olth. datulde] Wy
2 Tl AREHZIHAA ok 0.66 ftoll HBHE
FAEA L.72(t(0.5 m)7} Boh, B T
o] HAlY o] &% FaFAL ¥ 29 B g2
T3 2 AATYH de 438 Fo9o Yy
a9 29 2 Axgyoln e Pad
&2 8 F F(minimum exhaust volume, CFM )&
309CFM(8.4 m*/min)olth. ZAuj7| A A=
Loeffler®] & =9b4 9 (velocity pressure method)
of weh A8t AH Loeffler, 1980 ; ACGIH,
1988). 3 3ol AAIG AL HEE Guffey’t AT
& “An Easier Calculation System” 2% Rt}
ZHHF 2NN LA LY 5 Ye A
o] slo} ¥ 4dA 9 AMNER o] L35 AH Gulf-
ey, 1983). H#9 mALEAAR(fd)E Guffeyt
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nt) = Fn3YH Guifey, 1983). °] Hi= AE
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AR AFEEE U 44 7 5 A= FH
o] Urh
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H %S o7l s Aol B e HE 37
718 AEASA(HEANE AHASA) 1,208
2 HA & F £3FFe wysdnh
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(Q)e 4,796 CFM(135.8 m*/min), #ol %-3}5
+ AYS 7.51 inch Wg(190 mmH,0), W&+
£ 59He 0.14 inch Wg(3.556 mmH,0)24 &%
7] 28.%¥& 12 hp(8.952 mmH,0)°]t}

PVCHA &3l Ax8 maur| 39
AgEe 149 3% 2o

3. D7 EX PX|Z
PVC ¢+& 239 dgud AAE 4% 7o

F FauEAE ARG F udFHe ¥
22 d3ld F2¥xd EFAAE 3 4
AAEe] Uk FEFR A7 FR] AA
Fol uidRre £ gd3d FEE o] 7.5
mm% % -$ 0.28 ppm, 15 mm¥ 0.19 ppm 121
100 mm?! 2+ 0.91 ppme 2 HEFEEQ 1
ppm ©|3tZ TALE AT et Ashuld HA
A HAE B 0.1-1.20 ppml 2 HEEE |
ppme ZFHs: A9 Aok ol APAEl

Air Cooling
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=L@ |
(=) Tube

Fig. 2. Canopy Hood Constructed over Extruder in the Polyvinylchloride Resin Extrusion Process.
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Fig. 3. Diagram of Local Exhaust Ventilation for Polyvinylchloride Resin Extrusion Process.
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Table 3. Velocity Pressure Method Calculation Sheet

No Dia Aez Elow Cor TrmgotVeocly St Elbow St St Ebow Ewy Hood Totl Other Branch Man Jumt
Rm D A Q Q¢ Vi VL Ny fo CF+ CF+ CFt+ 14Fy= CFX VPd= P SPy SPs SPM P
1A 6 0.196 39 L5% L5 IL5 1 45 0518 0.27 140.%5 2.08 015 03] -0.31 —0.41
24 6 0193 M T LS L5M 5 1 45 025 0.2 1 140.5 27 015 0.41 019 —0.41 —0.46
1A 55 0165 309 L5% L8z 115 1 51 0.7 0% 140.25 2107 0.2 0.46
AB &5 0341 6% 1,57 1614 6.6 30 019 0,19 0.16 0.03 -0.49
3B 6 0.1% 39 338 L5B LS4 5 1 45 0.25 027 1 140.35 0.5 0.4l 016 ~0.41 —0.49
BC 105 0.603 94 1.06 1,55 1620 6.6 23 015 014 016 0.02 017 ~0.51 —0.61
4 55 0160 309 L5% 182 5 1 51 0255 021 1 140.5275 0.2 0.6 ~0.61
CD 12 078 1,355 L5 LT50 6.6 191 012 012 019 0.02 0.0 ~0.65
5D 6 019 309 LS5 L5M 5 1 45 025 0.7 1 1405205 015 041
5D* 55 01650 309 319 LS5 L& 5 | 51 0.2% 0.2 1 1405275 02 0.6 019 —0.61 0.65
DE 14 L1069 16M 1,57 1,5 6.6 1.5 0.104 0104 0.26 0.02 ~0.67
6E 55 01650 39 34 155 18w 5 1 51 036 027 1 140.5275 0.2 06 016 —0.61 —0.67
EF 15 127 2,018 L5 L6# 6.6 L5l 6100 0100 017 0.02 0.0 -0.70
TF 55 0069 39 31 155 L2 5 1 51 025 02 1 1405275 0.22 0.6l 0.18 —0.61 —0.70
FG 16 133 2,389 L5 L6Z 66 L3 0.0% 0.00 018 0.02 -0n
8G 55 0160 309 %6 155 L82 5 1 51 0.2 02 1 1405275 0.2 06l 0.18 —0.61 —0.72
GH 17 L5763 2,685 2,9 155 L7083 66 13 0086 0.0 018 0.02 0.2 ~0.74 —0.89
GH 5 0134 309 LE5 2,25 5 1 56 0280 027 1 140.25 2.8 032 0.89 ~0.89
B 19 L9689 3.2 L5%5 L6266 L1 0.074 oM 017 o0 0.9
10 5 014 9 310 L55 %5 5 1 56 0280 0.2 1 1+0.25 280 0.2 0.8 0.18 ~0.89 —0.%
0 2180 3,563 1L5% L6266 1.0z 0.067 0.67 0.16 0.0l ~0.91
11 5 0% 3 3 155 2% 5 1 56 0280 027 1 140.25 28 0.2 0% 0.9 —0.91
CFK 2 2,405 3,84 L5 1,02 66 100 0.066 0066 005 0.0 -0.92
2K 5 01 9 3L 155 2% 5 1 56 0280 027 1 1+025 28 032 0% 017 ~0.90 —0.92
KL 2 260 4166 155 158 66 0.9 0.060 000 016 0.0 -8
13D 5 0164 09 34 L5B 2% 5 1 56 0280 027 1 140.5 28 0.3 0% 0.16 —0.90 —0.93
LM 3 2.8 4,480 1505 1,53 6.6 0.9 0.059 0 015 00 I
M 5 01 39 36 L5 225 5 1 56 0.28 027 1 140.25 280 0.3 0% 0.16 —0.9% —0.94
MN 2 31416 4,79 L1575 158 10 o8 002 1 L0 014 0.5 -l
0 LLEC TOR B i Y -
0P U 116 4,7% L5B L83 @ 2 0.3 0164 2 2160 014 0.3 -7.39
PO U 31416 4,7% 1L5% 153 16 1 0.8 013 1 L1 014 016 +0.16
Table 4. Worker Expo.sure to Vinyl C.hloride by Tube Width 27 a9 AAAY HA qn qEHE =
in the Extrusion Proscess with Local Exhaust Ven-
tilation vl FARFA Ay F= Y2 E071 &Y
O ] L. | W = =
Tube Width Airborne Vinyl Chlonde Concentration (ppm) Vi) i SLYT 73—?__7} -9\1::5“ el _8.?]-01 Wt
(o) Sample NO Range NeamtSD Z2F7HE 2dshe 8dog AL, d2F
75 4 025-0.3  0.230.08 1070 Aol A AW 7)1 AR ] A AFo] dzud ¥
15 3 015-0.2  0.1940.04  2L05 TE uwstd ME Axold dsiud HAEE
R 6 0.23-0.49 0.38%0.10 26.09 £ 3.15 ppme 2 FHELEEE 3 o4 x3s)
50 4 0.09-0.50  0.%:0.14 3.2 - -
) 4 0.49-0.12  0.68+0.22  3L71 T Ao 4R £ WAFEE 0.47 ppm o2
% 3 0L46-051 0484003 551 t%8 23 87.3 %) AIARE B Aoz Y
100 4 0.59-1.20  0.91£0.27 %71 Ebutoh(p<0.01)(2g 482).
Total 2 0.15-120 047400 2671 ZtE met2E MFS Y8 3145 (synthe-
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Fig. 4. Comparision of Vinyl Chloride Concentration for
Extrusion Process between with Ventilation and
without Ventilation.

tic resin) & &8 TS HhEgW HNHe
7b29) B4 9 AR S 228 397 g o
g A FHAFHA 29 480 FEFA (mono-
mer) & FE Mz Fzsfof gt dE F
H PVC A= g3ivld, PS(polystyrene)5A
+ Styrene. ABS(acrylonitrile-butadiene-styrene )

o

421 & acrylonitrile, styrene 1213 PA(polyacry-
lonitrile) 4*X1%&  acrylonitrileo] ZfFEe] <ch
o] & ol TAF upe} o] FXJUof Gk
24 Fhro] FHRE o EFAARS AA
Lo ¢Ed o MNFog grjE 2HF ¢
A5 E &5t PVC AES X33 2% &
A& 7ME3te FaGA7IEE olohze A
o Z¥F ¢ HAELS &A %] dFel A
F AQJEE 29 94 Suxe wa#g ) ol F
oA @n e AUk ZE FAe] #
F8 Aol & dEFA i 2dHA A
4 gRg 9dallMe PVC F#AAZR o A9
FH o i ¥R AEFE HAHINA #3 F
TF Gl dEFA Y BAF 34 (recovery) & $
¢ 71ed, AA A, #ed gy EEE §of
goh, w3 A E Y8R 4E Felad A

e AzHE A% GFTRAAE BAHE
F GHA FEe ARE 29 HAsa o

— 97

g AASY) A% AFF Fauy) Axe ¥y
€ 9=A) gasta o,

N.&E B

2 d4zAE PVC #RE g&de 23 E
oz Halud LMEAT ol AAE Y&
TAMZIFA ) AHERE FA A7 slgon
a2 AaE a8y oS g

L S22 3xE 4A3d &3 2
Z2ao] g gaud HFEZFEE 3.15 ppm
o2 3RFx 1 ppme EFsa Yl ojHe
PVC Ao 27/E dsiudol A4 g2
o uel gr)s|e] SAE g Ao gy
t}.

2. FEVIEEHE HdRR ;
Z dEtud Z2E vt ¥ Ao® Jehohr
=(0.83, p<0.01). o|2k Z& EAFE h&H+
PVC A Atg-eo] B&55 27" 93
9 FEE I WA o] vHEo Frlev] u
#ol}.

3. ¥ETAH) NG FAu A e
Aoz FANY &L 7.65 inch
Wg(190 mmH,0), B EFHFS 4,79% CFM
(135.8 m/min) .24 7158 A $37) %«
2 12 hp(8,952 Kw)o.2 A4 AZHc),

4. FETHA FRMNZNLAINF TEAte
dtu)do] g i ZF2FEE 0.46 ppme
HEFx 1 ppm oL FAMA YR Hx A
w20 d A 85.3 %9 MMEHE L}
ERATH p<C0.01).
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