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Cost Estimation of Butadiene-Grafted Polyvinyl Chloride Produced
by Gas Phase Radiation-Induced Graft Polymerization

Kenzo YOSHIDA and Kunio ARAKIT

Pilot Scale Research Station, Takasaki, JAERI

(Received October 19, 1976)

Butadiene gas in contact with polyvinyl chloride (PVC) powder is easily
graft-polymerized onto PVC by Co-60 gamma irradiation. The product pblymer
has a high impact strength comparable with that of blended PVC and a modifier
(ABS, MBS, chlorinated polyethylene, etc.) If the cost can be reduced to
that of commercial high impact PVCs, the process will be feasible in industry.

' The pilot plant for continuous production of the graft polymer was con~
structed, and has been operated for some years. Its production cost
has been estimated for the pilot plant and the conceptual commercial
plant scaled up tenfold, on the base of construction cost of the pilot
plant in 1968. |
Construction cost of the latter plant.is estimated by Lang-Chilton's

method. Operational costs and indirect costs are calculatéd by Winter's

method on the basis of the construction costs. Final cost of the polymer is
the sum of these costs and the material cost. Cost of the blended.EVC and
modifier is also estimated for comparison.

The costs by the pilot'plant and by the commercial plant are 185 yen/kg
and 115 yen/kg of the polymer, respectively. - '
The cost of PVC modified with ABS resin is 107 yen/kg on average. Further
reduction of the cost is thus necessary to be competitive with the conven-
tional hlgh impact PVC. '

It was found that low impact resistanée of the polymer with lower graft
ratio can largely increased by addition of polyethlene. In that case,'capa-
city of the plant can be raised. Consequently, the estimated cost of the

graft PVC mixed with poiyethylene is 105 yen/kg.
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Fig. 1 Block diagram of pilot plaﬁt for PVC modification
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Table 1 Cost of Pilot Plant for PVC Modification

Item Cost( 106yen)
Pilof Process Unit Equipment (Reactor,
plant Pumps, Vessels, Conveycrs, ..) 10.9
Process Control (Temp. Reccrder
Level Gauge, Flowmeter, Panel, ..) 3.1
Electrical : ' 1.3
Piping 1.6
Setting and Test 3.7
Design 1.9
Total . 22.5
Radiation Radiation Shielding 6.0
Facilities Operating Device of Cobalt Source 4.0
Radiation Source ’ 1.5
Total 11.5

e T——
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Table 1 Cost of Pilot Plant for PVC Modification

Item Cost( 10%yen)
Pilot Process Unit Equipment (Reactor,
plant . Pumps, Vessels, Conveyers, ..) 10.9
Process Control (Temp. Reccrder
Level Gauge, Flowmeter, Panel, ..) 3.1
Electrical ' 1.3
Piping’ 1.6
Setting and Test : : 3.7
Design 1.9
Total 22.5
Radiation Radiation sShielding 6.0
Facilities Operating Device of Cobalt Securce 4.0
Radiation Source 1.5
Total . 11.5
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Table 2 Manufacturing Cost Table
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—~ Direct Labor

- Utllltles

Direct Manmufcturing.—— Repalr and Malntenance
Cost — Supplies

- - Laboratory -

+ Packing and Shipping
Manufacturing - ' — Royalties, Patents

Cost ' L Supervision

- Payroll Overhead
(— Plant Overhead

— Indirect Cost——————.Depreciation

l— Property Taxes

L Insurance

L By-produc¢t Credit
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700M kgX 0.05,/100=0235M/kg
BHENZ
9 0, kg*x1./1000 =009 kg

Uit - T 1lkgD BB 2 X b3 ERHNT

100
( 83.35M+889M+0.35M+009K) X 108 85810 kg

Pl A

Table 4 Cost of Raw Materials Necessary for Producing l_kg

of Preduct

Weight of Raw Materials ' : Cost of Each

. Necessary for Producing ; '
Raw Material 1 kg Product (g) Prlcg(yen/kg) Raw Materials{yen/kg)

PVC 906.5 : 80 72.51
Wax 0.91 100 "0.09
Monomer 18.13 : 200 3.63
BD-gas 92.32 #1) 100 9.23
Stabilizer 0.50 700 0.35
N;=~gas 1.00 ‘ 100 0.10
Total : ' 85.91

WEPRTON

% 1) 80% of butadiene is grafted onto PVC

2 BEEYBR _
EBI1H24, 3XNKTEEL, 1ALV DEMAGRLZ 15058 E+3, BE1
kg D OHBERIEMEERTEHNHIILZ VY THEEINO

1505M%x6,73112 ¥ = 2892 kg

E1 B
@B 2-F4971%

Koqm oy b TR AR, BEREEHLT, TLBHKOMR S BARNK
WAEEDBe FHENEARI15KW 4 THY, BEMEESF/KWH Thid &
NRH |

15KWh X 8HKWH = 120 hr

BIERENHG4ke/ hrCH L300, BRikgk EH 23BN

120/ hr

—EI@7TT—= 222M. kg
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5
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720
9 HMEFHR

Productive Labor ® 2 2% &4 5,

22%XProd,Labor = 1%% x(2892+752,72+431)
22
=Tog (3686 kg = 811/ /g

w 77 brFHERE
Productive Labor ™5 0% &7 5,
3686M 4y x 50,100 = 1843M kg
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= 1821 /kg

1 0F X 3112 b2

@ #® &

EERKRD 1% &7 5o

1

5667 HMX

19 ERERH

1 X
100 31LL1Gb>

ML EeEFB0 1%:dnid 182 kgl 3,

PR EAEIL, 28E3R FAR®HBETable 5 KRTLS5iC 18485 ke g
Bo BMBIL O~R2EU LEFEERB > T Bo

= 1.8 2/m-ke

Table 5 Estimation of Manufacturing Costs of Modified
PVC by Pilot Plant

ITEM Calculatign Rasis Cost (yen/kg}

Direct Cost

Raw Materialé See Table 4 85.81
Direct Labor Assume 2 men/shift, 3 shift/day 28,92

1.5x10% yen/man/year

Utilities Assume 3.0 yven/kg 3.00
Repaif, Maintenance 4% of fixed Capital/year 7.25
Supplies 15% of Repair and Maintenance 1.09
lLaboratory 20% of Direct Labor 5.78
Packing and Shipping Assume 0,30 yen/kg. 0.30
Supervision 15% of Direct Labor 4.31
Subtotél 136.46
Indirect Cost |
Plant Overﬁead 50% of Productiv Labor 18.43
Payroll Overhead - 22% of Productive Labor 8.11
Depreciation Straight-Line, 10 years 18.21
Property Tax 1% of Fixed Capital 1.82
Insurance 1% of Fixed Capital 1.82
Subtotal 48. 39
Total Manufacturing Cost 184,85
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Table 6 Cost Analysis of PVC Pilot Plant (Solid Handling Process)

Item Cost Ratio proposed Cost estimated Actual Construction
' by Lang (%) from Lang's Ratic Cest
Yard Improvement 6.9 S -
Building 10.8 - : -
Process Unit 46.0 13.4x106Yen 14.0x106Yen
Piping 3.4 1.0 " 1.6 "
Electricity 6.1 1.8 " 1.3 "
Service Equipment 1 - " - "
Others 21.7 6.3 " 5.6 "
Total 100.0 ' 22.5 " 22.5 "
12)

Table 7 Percents of Each Cost Elements in Process Equipment

Plant No. Grounding Support Setting Equipment

1 7.1 % 4.0 % 11.3 % 77.6 %
2 6.0 2.8 10.9 80.3
3 3.5 2.0 15.1 70.4
4 0.6 21.2 11.0 67.2
5 3.6 0 15.9 77.5
6 2.2 5 18.7 77.6
7 8.8 0 17.0 64.2
8 8.8 1 17.0 68.1
9 5.3 12.9 13.2 68.6
10 4.1 13.3 18.4 64 .2
11 8.2 6.7 5.2 80.0
12 2.7 8.9 19.3 69.1
13 4.2 6.3 20.2 69.3
14 4.7 9.4 19.0 66.0
Average 5.0 6.8 15.5 72.7
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Table 8 Ratio of Additional Cost to Equipment Cost

Additional Cost

Percent of Additional Cost (%)

Percent used

Table 9

2)

Direct Plant Construction Cost

High Moderate Low This Estimation
Process Piping 30 ~ 60 10 ~ 30 7~ 10 10
Type of Plant Liquid Handling| Solid-Liquid Solid Handling
Plant Handling Plant
Process Control 10 ~ 15 5~ 10 205 5
Degree of Cont- |Complex Normal Simple
rol _
Building 60 ~ 100 20 ~ 60 5~ 20 80
Plant Location |In-Door Partially Qut-|Out-Door
Door :

Offsite 25 ~ 100 20 ~ 60 5~ 20 20
Facilities
Degree of New Facilities Partially New |[Not New
Construction
Qut door Piping 15 ~ 25 5 15 0~~v5>5 10
Length Long Average Short

Ratio of Indirect Cost (Engineering, Size Factor, ... ) to

Ratio used

Percent of Each Cost (%)
Item .
High Moderate Low This Estimation

Engineering Fee 35 ~ 50 - 20 v 35 30
Degree of Eng. -Complex - Simple

Safty Factor 30 ~ 50 20 ~ 30 10 ~ 20 25
Process Type Unknow Process | Partially Proveni{Proven Fro-

Proc. cess
Size Factor 15 ~ 35 5 15 0~ 5 10
Plant Size Experimental Small CommercialLarge Commer- 10
Unit Unit cial Unit
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Table 10 Cost of Additional Equipments necessary for

10 Times Scale-up Plant

Equipment Number  Unit Price Sum Price

Continuous Mixer 2 2.0x106YEﬂ 4.0x106Yen
Constant Weighing Feeder 3 1.0 " 3.0 "
Product Hopper 2 1.0 " 2.0 "
Pneumatic Comnveying System 1 2.0 " 2.0 "
Total ll.OxlO6Yen
Over—all Equipment Cost —---- Total x 1.43.=15.73x106Yen

(including setlig, support,etcd

Table 11 Cost of Irradiation Facilities

Facilities Cost (xloﬁyen)
Irradiation Cell (on the Floor) 9.0
" " (Under Ground) 13.5
Inter-rock System _ | 4.0
Radiation Source Driving Device 1.0

Crane 2.0

Subtotal 29.5 x 106;yen

Radiation Source (Co-60) 12.9 x ].O'6 yen

Total 41.5 x lO6 yen
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Table 12 Estimated Manufacturing Cost of Modified PVC

Cost (ven/kg)

Item Pilet Plant 10 times scale-ﬁp Plant
(300 ton/year) o "¢t oOnly | Blend with PE

1 Raw Materials 85.81(46.4)*%  85.81(74.4)* 83.30(79.5)*
2 Direct Labor 28.92(15.6) 4.34( 3.8) 3.00( 2:9)
3 Utilities 3.00( 1.6) 0.90( 0.8) 0.90( 0.9
4 Repair and Maintenance 7.25( 3.9) _ 4;31( 3.7) 3.11( 3.0)
5 Supplies 1.09( 0.6) 0.65( 0.5) 0.47( 0.4)
6 Laboratory 5.78( 3.1) 0.30( 0.3) 0.30( 0.3
7 Packing and Shipping 0.30( 0.2) 0.30( 0.3) 0.30( 0.3)
8 Supervision 4.31( 2.3) 0.65( 0.6) 0.45( 0.4)
9 Payroll Overhead 8.11¢ 4.4) 1.57( 1.4) 1.10( 1.0
10 Plant Overheéd 18.43(10.0) 3.58( 3.1) . 2.51( 2.4)
11 Depreciation 18.21( 9.9) 10.79( 9.4) 7.77( 7.4)
12 Property Taxes 1.82( 1.0) 1.08( 0.9) 0.78( 0.7)
13 Insurance 1.82( 1.0) 1.08( 0.9) 0.78( 0.7)

Total 184.85(100.0) 115.36(100.0)104.77(100.0)

*) Figures in blanket show parcentage of each items.
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