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— Abstract—
Study on Bond Used in Shoes Manufacturing Industry

D.H. Park, D.H. Moon, C.U. Lee

Dept. of Prev. Med, Coll, of Med, and Inst, of Ind, Med, Imje University

In order to acquire the fundamental data for the organic solvents in bond and to
contribute the health improvement of workers in deprtment of organic solvents in shoes
manufacturing industries.

The authors surveyed the contents of organic solvent in adhesive and determined the
amount of volatilization of organic solvent by time and temperature with gaschroma-
tography from March to September 1990,

The results were as follows:

1) The kinds for organic solvents in bond were 9 that was Toluene, C-Hexane,
N-Hexane, C-Hexanon, Aceton, Methyl Ethyl Keton, Dimethyl Formamide, Etyly Ace-
tate.

2} Toluene and Methyl Ethyl Keton among the organic solvents in adhesive were
over 80.18%.

3) The amount of volatilization of Methyl Cyclohexanone and Aceton by time and
temperature were the most level than other compounds.

Key words ! Shoes Manufactruing, Bond, Organic Solvents.
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Table 1. The organic solvents as working process
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I. Z=AF CHY 3 U

A, TAMCHY 3 EA|ZE

AR Az2gAdA AHgsHe FRHAE A
22 kA By A AYEF 53 &
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A AEE A 2 2xdEs B Table
1). ZA713-2 19909 3455 9971 < 7714
Zrol it

B. =AlEE

ABAZGAANA ALEEHE FHAFT 2AAA
X AAHE HFEdA 55/ EFEZ-S Gaschroma-
tography2 ZAFStY o7 {7184 Toluene,
Methyl Ethyl Ketone(©]3t MEKZ %§), C-He-
xane, N-Hexane, C-Hexanon, Ethl Acetate(°]3}
EAZ <3l), Methyl Cyclohexanone Peroxide
(e]3t MCP= %3}), Dimethyl Formamide(®| 3}

working process

kinds of bond

organic solvents

primer process 16 kinds
parts process 11 kinds
shoes process 17 kinds
(C.R system}

shoes process 11 kinds

(P.U system)

Toluene, MEK, DMF, EA
C-H-exane, C-Hexanon.
Toluene, MCP, EA
Toluene, C-Hexane, MEK
N-Hexan.

Toluene, N-Hexane, MEK
Actton

% C.R:Chloprene P.U: Polyurethane MEK : Methyl Ethyl Ketone

DMF : Dimethyl Formamide : Ethyl Acetate
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Isobuthyl Ketone(©]3} MIBKZ2 %3)9} BRI 4
o2 ALEEE Methyl Cyclohexanone( o]t
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C. =AMLY

1. 723 20iEJE A

AHFA we 828 g2t e 424
E5 olE AES A4sie gAY srexoA
23 Z25E 2 100g8 poly ethylene &7 @o}
L3 F 0]87)19 59 FE e AR 1gd
CS; £ 10mlst 7] &7)e) Pof 2087 =y
3t P AlE 2ulZ Gaschromatography(Model
540, Tracer, USA)E o] &3t9 43t (=
TF;1988). £ & BAWEL =235 AF
AofA AAE el oAt Table 2} (=%
FHehed T4 ; 1986).

2. FAEMY

HEA M HEagmeIdT BAE0g &
18 f7]8A Toluene, MEK, C-Hexane, N-Hex-
ane, C-Hexanon, MCP, EA, DMF, Aceton®
Xylene, MIBK, MCE& 100g# &7l Geo} 32

Table 2. Gaschromatography operating condition for
determination of organic solvents

Detector FID (Flame Inoization
Column Detector) 1/8"X2m,
sus 15% FFAP + Chro-
m o s o 71 b
WA/W80/100mesh
Injection 100
Temperature("C} Column 50
Detector 200
Nitrogen 50
Flow Rate Hydrogen 33
Air 350

EZER7IE o] 39 A7IE, 2xdg {784
5 FHA72 &7]9 Su= %2 chemical ba-
lance2Z FAIE AFspsich

D. #7|2H FHE=ST

B FAA AR EE #7849 40F 3 E
FEE fEIVE =R (EN-LA A88—69E,
1989)} =l e] AHSI A HE TS o) B (ACGIH,
188~1989)"7 (ACGIH ;1986) 2 A4}
3] (1988)Well & g To] dAsT Udd
(Table 3).

Table 3. Threshold Limit Value-Time Weighted Average (TLV-TWA) for 11 organic solvents in the work

environment.
Unit : ppm
Solvents Ministry of Labour, ACGIH Japanese Association of
Korea(1988) (1986-1987) Industrial Hygienist 1988
Toluene 100 100 100
Xylene 100 100 100
MIBK 50 50 50
MEK 200 200 200
C-Hexane 300 300 150
N-Hexane 50 50 40
C-Hexanone 50 50 40
Acetong 750 750 750
DMF 10 10 16
MCP = — -
EA 400 400 400
MC . 50 50 50

—202—



M. Z=ARH

. BIY ASHANO R
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= 771852

A ZGA g AFATAAM AHEHE BFAF
ZAb =2 3HE F7184 Toluene, MEK,
C-Hexane, N-Hexane, C-Hexanon{<l= : Anone),
DMF, EA, Aceton, ACP & ZA1d4 ¥A4¢ 4
7 FAL Toluene, MEK C-Hexanon, DMF,
EA7F AHEE 2 glon, REFAAFAH(FY], A
B, FE)HE Toluene, EA, MCP7} AREE
1, A3}FAHE CR system? Toluene, MEK,
C-Hexane, N-Hexane, P.U system& Toluene,
MEK, N-Hexane, Aceton®] #1853 sle RAeL.

& EbgtH(Table 4).

TG B FAA ALSHE {7184 E 4 &
A"z AN o] Toluneo] A=jz]FAN A
57.73%, FEHQAE, 8, &) FAHCNA
72.14%, CR system®l 74.56%, P.U system®|
72.00%E THEL e Toluned Bt T
Fe 69.11% 2 JeERen, MEKE dA# F
Aol 29.74%, AZ}FAZF CR systemol 4.
07%, P.U system®ll 13.42% 2 MEK® #3if 3
FFL 15.74%019k. C-Hexane2 A1A T
A 0.86%, CR systemel 15.79%7} AL-451 ¢
o, N-Hexane® Acetone A FFA C-Hexane
% DMFe dAelF3, MCPy 744 33
oAt AleEz . EAx Az FAHAA
4.79%, FEFAY T4 7.32%7F R
oo A z=gAe ZAA 7 Bol AR

Table 4. Comporion of organic solvents by working process

Unit: %
Work Process primer parts shoes shoes
Organic Solvent (C.R system) (P.U system)
Toluene 57. 74 72.14 74.53 72.00
MEK 29,27 0.00 4.07 13.42
C-Hexane 0, 86 0.00 15.79 0.00
N-Hexane 0.00 0.00 5. 64 3.17
C-Hexanon 1.28 0.00 0.00 0.00
DMF 6. 06 0.00 0.00 0.00
Aecetone 0.00 0,00 0.00 0.00
EA 4.78 7.32 0. 00 0.00
MCP 0,00 21.14 0,00 0. 00
Table 5a. The evaporative weight of Toluene age evaportion by temperature and time

Unit: G

Temperature N-Temp. 50T 80T 70C 20°C

Time
initial weight 100 100 100 100 100
1 hour 99.61 98. 80 47.51 96.71 96.13
2 hour 99,23 97. 62 94,92 94, 30 92.12
3 hour 98.91 96. 34 92.44 91.43 88.14
4 hour 98.62 94, 97 89. 83 88.62 84.60 |
5 hour 98.27 93.43 87.25 85.75 78. 85
6 hour 57.84 91. 84 84,56 82.74 74.77
7 hour 9733 90, 25 81.97 79. 87 70.51
8 hour 93.27 80, 61 70.74 68.42 81.52
A-day 76. 81 11.83 00.00 00. 00 00. 00
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2 e {7184 %E Toluene?d MEK=E M
(Julian B, Olishifski;1982, Andrews LS, Lee
EW;1977) AAA o= 80.18% ol4& AAs
AT

2. AlZtet 2o met vidE F [F7|18H42
A

HEA N AFAA=Z AHLdE §718A Toluen
MEK, C-Hexane, Aceton, N-Hexane, DMF,
MCP, EA, C-Hexanone, Xylene, MIBK, MCZ
AlZhe &9 MSE Fol HAtE F H7]84
o] RAE AFF FF Toluene® MEK, C-He-
xane, EA= 60°CollA @A45A w4sgon,
Xylene# MIBK, DMF, C-Hexanont 2% o}
2t 3 HEA ggkod giA 2 50°C~60°Cell 4

AlZtel AUEA 7 gl nid A 53
MC# Aceton® AlZte} 2o wiz} v 2 2
o=z u)4t= Qo (Table 5A~51.)(Fig. 1~12).

3 Alzb 2 "ol of2 7[E7)

HEA Ef8 F718A5 A3ty 259 of
g 84A F Fig 1~129] a2 E o] &3}d]
(g R7|AF/2e¥ AR=7]127]) 7)&
71€ 72N {71847} v itste HEE 1)
2% 5 3l

71'€718 F% A3 Table 614 vehd A A
F olg #7148 EE259AM Aceton, MC,
MCP, C-Hexane, EA, Toluene, MIBK, MEK,
DMF, N-Hexane, Xylene, C-Hexanon® 2.2
wWo) HAE glon, Lx7t EolAWA] E3)

Table 5b. The evaporative weight of MEK by temperature and time

Unit: g

Temperature N.Temp. 50T 60 70T 80C
Time
initial weight - 100 100 100 100 100
1 hour 99. 30 98.31 94,62 93.47 91.42
2 hour 98.71 96,52 89.13 86.71 82.74
3 hour 98.02 94.74 83.60 79.71 73.95
4 hour 97.41 93.04 78,02 72,90 65.03
5 hour 96. 84 91.21 72.34 61. 83 56.07
6 hour 96.13 89,35 66.71 58.62 46.91
7 hour 95.45 87.33 61.02 51.31 37.42
8 hour 94,77 85.27 55.34 44.05 28. 34
A-day 84.10 55.60 00. 00 00. 00 00.00
Table 5¢. The evaporative weight of C-Hexane by temperature and time

Unit: g

Temperature N-Temp. 50T 60T 70T 20T
Time
initial weight 100 100 100 100 100
1 hour 98,21 96.21 93.82 9283 89.92
2 hour 96.51 92.43 87.72 85.75 79.70
3 hour 94,72 88.54 81.43 78.61 69. 61
4 hour 92.84 84.66 75,14 71.40 59.43
5 hour 91.04 80. 87 68. 77 64. 14 49.14
6 hour 89.15 76.99 62. 34 56.83 38.76
7 hour 87.37 73.02 56. 01 49.11 28.25
8 hour 85.42 69.21 49,61 42.12 17.74
A-day 96. 21 07.61 00. 00 00. 00 00. 00
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Table 5d. The evaporative weight of Toluene age evaportion by temperature and timeUnit: g

Temperature N-Temp. 50 60C 70C 80C
Time
initial weight 100 100 100 100 100
1 hour 97.12 93. 06 89.42 86. 81 84.70
2 hour 94. 69 85.91 78.31 72.99 68.73
3 hour 91.68 78.31 67.11 59.29 52. 85
4 hour 88.42 72.41 55.67 44.99 36.63
5 hour 85.45 63.93 44.99 30. 74 20.79
6 hour 82.07 56.78 33.75 16. 90 4.53
7 hour 78. 85 49.21 22.51 3.07 00.00
8 hour 75.97 41.56 10.76 00. 00
A-day 27.35 00.00 00. 00

Table 5e. The evaporative weight of C-Haxanone by temperature and time

Unit:g
Temperature N-Temp. 50C 60C 70C 80T
Time
initial weight 100 100 100 100 100
1 hour 99. 94 99. 80 99. 38 99.18 98. 68
2 hour 99. 89 99.59 98.75 98. 36 97.45
3 hour 99. 83 99..37 98.15 9793 96. 14
4 hour 99.77 99.07 97.54 96.71 94. 82
5 hour 99.71 98.72 96. 95 95. 88 93.49
6 hour 99. 65 98. 38 96. 35 95. 06 92.17
7 hour 99.62 98.07 95.74 94.23 90. 86
8 hour 99.54 97. 77 95.15 93.41 86. 60
A-day 97.06 93.31 85.45 80. 23 68. 80
Table 5f. The evaporative weight of DMF by temperature and time
Unit: g
Temperature N-Temp. 50C 60C 70C 80C
Time
initial weight 100 100 100 100 100
1 hour 99.55 99. 44 9932 99.18 99. 09
2 hour 99. 09 98. 87 98.63 98.35 98.17
3 hour 98.63 98.31 97.95 97.53 97.24
4 hour 98.16 97.74 97.26 96. 70 96. 31
5 hour 97.70 97.16 96. 58 95. 86 95. 37
6 hour 97.25 96. 60 95..91 95.03 94. 44
7 hour 96.97 96. 03 95.24 94.21 93.52
8 hour 96. 34 95.47 94. 56 93. 39 92.59
A-day 89. 02 86.41 83.67 80.16 74.77
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Table 5g. The evaporative weight of MCP by temperature and time

Unit: g
Temperature N-Temp. 50T 60°C 70T 80T
Time
initial weight 100 100 100 100 100
1 hour 98. 81 97.49 96. 10 92,51 36. 14
2 hour 96.83 94. 88 92.59 85,00 69, 27
3 hour 94. 82 92.29 89.07 77.48 55.39
4 hour 92. 80 87.71 85.46 69. 93 41.50
5 hour 90. 82 87.12 31,87 62.35 27.64
6 hour 88.71 84.52 78. 29 54.76 13.79
7 hour 86, 68 81.93 74.72 47. 16 00.53
8 hour 84.67 79.43 71.13 39,55 00.00
A-day 54.01 30, 29 13.39 00. 00
Table 5h. The evaporative weight of EA by temperature and time
Unit: g
Temperature N-Temp. 50T 60T 70C 80T
Time
initial weight 100 100 100 100 100
1 hour 99.08 98. 04 95.10 93.02 86. 35
2 hour 98.15 96.07 90. 30 86,03 72,72
3 hour 94. 08 85. 39 79.02 79.02 59. 06
4 hour 96. 31 92.08 80. 38 71.92 45,38
5 hour 95.38 90.10 75.26 64,44 31.69
6 hour 94.45 88.00 70.13 57.94 17.99
7 hour 93.54 85.90 66.11 50.91 04. 30
8 hour 92.61 83.92 61. 00 43.92 (0. 00
A-day 77.73 51.76 00. 00 00..00
Table 5i. The evaporative weight of N-Hexane by temperature and time
Unit: g
Temperature N-Temp. 50 60T 70T 80T
Time
initial weight 100 100 100 100 100
1 hour 99. 92 99.75 99. 49 99.32 99, 20
2 hour 99. 84 99.51 98.95 98. 83 98. 38
3 hour 99.78 95.25 98. 44 98.23 97.56
4 hour 99.72 98. 96 97.90 97.66 96. 83
5 hour 99. 64 98. 65 97.37 97.06 95. 64
6 hour 99. 56 98. 32 96. 82 96.44 94. 80
7 hour 99, 45 97. 99 96. 29 95.85 93.93
8 hour 98. 41 96. 00 93. 97 93.49 92.07
A-day 95. 22 88.01 81,91 80. 47 76.21




Table 5j. The evaporative weight of Xyleneby temperature and time

Unit: g
Temperature N-Temp. 50T 60°C 70T 80T
Time
initial weight 100 100 100 100 100
1 hour 99. 82 99.73 99.12 98. 21 98.01
2 hour 99, 65 99, 56 98. 34 96, 53 95.92
3 hour 99.49 99. 20 97. 48 94.73 93.73
4 hour 99, 32 98.93 96, 46 92.82 91.55
5 hour 99.14 98,75 95,51 90. 50 89,21
6 hour 98. 57 98. 47 94.72 89, 82 86. 90
7 hour 98. 80 98, 06 93.83 87.91 84.70
8 hour 98.63 97. 64 92. 84 86,03 82.42
A-day 95.89 92. 92 78.53 58.02 41.85
Table 5k. The evaporative weight of MIBK by temperature and time
Unit: g
Temperature N-Temp. 50C 60T 70T 80T
Time
initial weight 100 100 100 100 100
1 hour 99, 31 98. 34 97.42 96. 81 96, 34
2 hour 98.73 96. 63 94. 81 93.54 92.53
3 hour 98.01 94, 81 92.13 90. 26 88.72
4 hour 97,23 93.40 89,42 86. 84 84.84
5 hour 96. 52 91.37 86.84 83.43 81.05
6 hour 95.71 89, 66 84.15 80.12 77.16
7 hour 94, 94 87. 85 81.46 76.81 73.21
8 hour 94. 25 86. 02 78.65 73.63 69. 44
A-day 82. 62 58.01 35.87 20. 85 08.23
Table 5L. The evaporative weight of MC by temperature and time
Unit: g
Temperature N-Temp. 50C 60C 70T 80T
Time
initial weight 100 100 100 100 100
1 hour 97. 49 84.80 78.02 70.02 59,88
2 hour 94,92 69.59 56.03 40.03 19.76
3 hour 92. 36 54.36 34,05 10.12 00.00
4 hour 89.74 39.04 12.04 00.00
5 hour 87.21 23.76 00. 00
6 hour 84.63 08.51
7 hour 82. 06 00.00
8 hour 79.48
A-day 38.55
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Table 6. The solpe value of solvents as evaportive weight and time

Unit: g

Tem N-Temp. 50C 60T 70C 80T
Solvents
Toluene 0. 84 2.42 3.66 3.98 4.81
MEK 0.65 1.84 5.58 6.99 8.96
C-Hexane 1.82 3.85 6. 30 7.24 10. 36
N-Hexane 0.20 0.5 0.75 0.81 0.99
Aceton 3.0 7.31 11.16 13.85 15.91
C-Hexanon 0. 06 0.28 0. 60 0.82 1.68
DMF 0. 46 0.57 0.68 0.83 0.93
MCP 1.92 2.57 3.61 7.56 41.21
EA 0.92 2.01 4.88 7.01 11. 97
Xylene 0.17 0.30 0.90 1.75 2.20
MIBK 0.72 1.75 2.67 3.30 3.82
MC 2.57 15.23 21.99 29. 96 40.12

9] A% AT Toluene, MEK, N-Hexane,
C-Hexane, C-Hexanon, DMF, MCP, EA; Aceton
Y F71RAZ &AA TE FAFTEE HA
AE AMESt JomP (R ;1966), o9k 2
S HAAE AHSE o HEAA Y AsAd E&
Eo] Bo] &fE F71EAE &4 FL &=V
o RAFATe] EHT HEHe] ol
RS WA EY] At AFFTAHE vt=A A
zEld 50~60°Ce] €L 7Islegr Fosc
7} =™ Xyleneolt} MIBK, DMF9} & #7]
AL FHEAE A F%o] Ho AFALE
gEA71n JEHe B g=e AL ¢ F
Atk

e A A ZFA A AMEEE A
AAZ § 37 Zo] Xylene® MIBK7} AH&-H A
%2 oz FAHN oY FAAFAZAL HFAAY
S & FASA FPol §olA 2 F =S
ALAE AFAZNA FHAE Toluenett MBKE
Aoz BEER olE £AV FRE F
VAT T2 vArEE o uFEd Aog A8
o (o] M E ;1986).

ABAZ AAF9] AsFTAe FFZAA A A
&5 2% A we} P.U System® CR.
System2 2 F£3t2 AEd P.U SystemS £
d2EHlEZ T ZdEZ9 oliA ol E Y
3ol ofs) dojxe mFA BAANE FH sl

k

oo

dgnTet shop(nRes ;1988), FHRL
= 2 AEEHE ZPdzHz2 v 79
29 %%, dolaAchiolEe] F§ 6]
gzA% el o8 WaE doslE 2
g

vl AEFY TH BEAE FREER U

e i 4

s Els
One-sheet@ 22 71FHANE T4 F % Milla-
bled = F719 QP&

T3 P.U Systeme] £4°] 71AA
24, AFRE Fol $F3H, 1FFELE 4
A Fux 1REE FAdE ST A=A
Wy, yeFEAd, Wfd, deAds $2
2342 Holy WIAL 1¥A FA ¥4k 1
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