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. Company commitments-and reduction pledges continue _

... THE33/50 PROGRAM

/

, This Company Profile is part of a series of reports bemg developed by EPA 1o hzghlzght the accomplzshments
of companies participating in the 33/50 Program. The
* 33/50 Program is an EPA voluntary pollution reduction
initiative that promotes reductions in direct environmen-
" “tal releases and offszte transfers of 17 high-priority toxic
chemicals. The program derives its name from its over-

all goals -- an interim goal of a 33% reduction by 1992

and an ultimate goal of a 50% reduction by 1995. The
program uses 1988 Toxics. Release Inventory ( TRI)

reporting as a baseline. In February, 1991, EPA began

contacting the parent companies of TRI facilities that

reported using 33/50 Program chemicals since 1988 to

request their participation in the 33/50 Program. As of
April, 1994, a total of 1,216 companies had elected to

participate in the Program, pledging to reduce emissions

of the 17 target chemicals by more than 355 million

pounds by 1995. Companies are encouraged to set their

own reduction targets, which- may vary from the

Program's national 33% and 50% reduction goals.

to be received by EPA on a daily basis.

The 1992 TRI data revealed that releases and
. transfers of 33/50 Program chemicals declined by 40%
between 1988 and 1992, surpassmg the Program's 1992
interim reduction goal by more than 100-million pounds.
This accomplishment, together with evidence from
analysis of facilities’ projected releases and transfers of the 17 przortty chemicals, reported to 'TRI under the
Pollution Prevention Act, offers strong encouragement that the 33/50 Program'’s ultimate goal of a 50% reductzon by
1995 will be achzeved

) ) EPA is commztted to re¢ognizing compames for their partzcxpatzon in the 33/50 Program and for the emis-
sions reductions they achieve. The Program issues periodic Progress Reports, in which participating companies are
listed and highlighted: In addttzon Company Profiles, such. as this one, are being prepared to provide more detailed -
information about companies that have written to EPA describing significant emissions reductzon initiatives.
Information presented. in these profiles is drawn from a. number of sources, including the company's written com-
munications to the 33/50 Program, extensive interviews with company representatives, the annual TRI reports sub-
mitted by the company’s facilities (including Pollution Prevention Act data reported to TRI in Section 8 of Form R),
and, in many cases, site visits to one or more of the company’s Jacilities. All written company communzcanons to’
EPA regardzng the 33/50 Program are avatlable to the public. upon request.

’ EPA does not endorse the petformance, worker safety, or environmental acceptabzlzty of any of the techni-
cal options discussed in this Profile. Mention of any product or procedure in this document is for.informational pur-

© . poses only, and does not constitute a recommendatzon of any such product or procedure, either expressed or implied,.
- by EPA,
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SuMMARY

- etween 1988 and 1993,  Unisys
B Corporation reduced releases and oﬁ”—site -
' " transfers of targeted 33/50 Program-
chemicals from 852,443 pounds to 21, ]30.

pounds a reductzon of approximately 98 percent.
These reducttons resulted largely from chemical

substztutzons and the elimination of a solvent
’ cleanmg process at the company’s manufacturmg
operations,
facility.  Reductions also occurred following
decreased productzon and facility closures that
occurred over the time period.

~ This case study highlights three '33/50
Program chemzcal reductzon pro;ects at Unisys:

COMPANY BACKGROUND

U

‘ Umsys Corporatlon has annual revenues of $8 billion. About 80 percent
“of this revenue is denved from commercial information systems and services,
while the remamder comes from electronic systems manufacturlng and. services ,

for the defense 1ndustry

including the St. Paul, Minnesota

nisys Corporation produces computer hardware, software, and informa-
tion management services for comrhercial and military customers.
company also manufactures check sorters, postal sorters, and military
radar units. Unisys provides its services to financial companies, airlines, telecom-
munication companies, and government agencies: Created in 1986 by the merg- |
er of Sperry and Burroughs, Unisys presently employs 48,000 people in 100 coun-
tries. The company is headquartered in Blue Bell, Pennsylvania, and has 20 man-
. ufactunng facilities across the United States »

° Replacmg a chromzc/su{furzc acid. etchant
with an alkaline etchant;

* Replacing solvents used for degreaszng

" with tacky rollers; and

'* Replacing solvent-based developmg and
stnppzng processes with aqueous- based
processes..

These. projects resulted in tremendous
cost savings for Unisys. The first project yielded

" an annual. cost savings of about $4.88 per circuit
> board, while the second and third projects yielded
total annual cost savmgs of about $41 000 and .
$340, 600 respectively. '

|UNiSYS

The
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ENVIRONMENTAL STRATEGY

in a publication entitled Environmental Stewardship Program. As
described in this document, Unisys is committed to a program of environ-
mental stewardship, which entails managing all activities responsibly, with care
and respect for the env1ronment and not merely complying with government reg-
 ulations and requlrements This Profile hlghhghts some of the company 's envi-
ronmental achlevements and _provides an overvrew of the companys env1ron-
: mental stewardsh1p program .

‘ The Unisys corporate environmental strategy, initiated in 1982 is outlined

.=, In addition to part1c1pat1ng in the 33/50 Program, Unlsys is 1nvolved in
‘umerous other envxronmental programs, 1ncludmg the followmg

The company has establtshed a program to reduce hazardous waste gen-
‘erated at their facilities. By re-engineering waste generatzng processes
. Unisys has achieved its goal of reducing hazardous waste emissions by
"85 percent between 1988 and 1994.

° Unisys has a program to eliminate the use of chlorofluorocarbons (CFCs)
at its faczlmes By the end of 1993, the company eliminated the use of
- CFCs in precision parts cleaning at their U.S. faczltttes Unisys plans to
eliminate CFCs from its refrzgeratzon equzpment by the end of 1999
through a phaseout program

Umsys has a proactzve recyclmg program The company recycles paper
plastic, and aluminum cans and promotes the use of envzronmentally
- acceptable packagmg matertals

y voluntary EPA programs, anludmg the
following: Green Ltghts a program that e encourages ‘the use of energy- ‘
efficient light f xtures; Energy Star computers, a program that encourages
the computer industry to voluntarily manufacture energy- -efficient prod-
ucts; and WasteWise, a program that encourages mdustry to reduce
icipal solid waste.

b

Unisys wasa participant in the Minnesota-50 Project, which is szmzlar to
EPA's 33/50 Program and establishes a state- wide goal of a 50 percent
“reduction in releases and transfers of : 33/50 Program chemtcals by 1 995

The company zs“ an actzve partzczpant in the Council on. Oﬁ ice roducts
Energy Efficiency and in the International Standards Orgamzatzon s effort
to develop an international environmental standard to encourage compa-
nies to zncorporate environmental management mto thezr busmess plans




basis, Unisys expects to zmplement a more formal audttmg program in the

ﬁ,tture o -

~ Because of the company's commitment to envir onmental protectlon
- Unisys and its facﬂ1t1es have received numerous awards for their efforts in pollu-
tion prevention. Some of the accolades received by Un1sys 1nclude

°  "Recycler of the Year” finalist, awarded in I 995 by the Nattonal Oﬂ‘“ ice

Paper Recycling Pro;ect
° The 1994 Governor s Award for Pollution Preventton from the M innesota

Office of Waste Management awarded to the St. Paul faczlzty,

. ' The 1 994 Governor s Award for Pollutlon Preventton from the State of
’ Calzfornza N

LI " A Waste Minimization Award conferred to the Salt Lake City facility by 7
the Department of Public Utilities for Unisys Corporatzon 's efforts in pol-
" lution preventlon in 1994; ,

e A 1 993 Waste Reduction Award from the Calzfornza Integrated Waste
‘Management Board, whzch recognizes companies in California wzthout
’ standlng programs to reduce reuse, and recycle waste; and

®  The Envzronmental Leaa’ersth Award from the Pueblo Area Council of
- . Governments to the Unisys Corporation’s Pueblo Colorado Jacility in
. 1993 for their efforts in the areas of waste reduction, recycling, reuse; and
" community servzce/educatlon ' :

i

: OVERVIEW OF 33/50 PROGRAM AND TRI
CHEMICAL RELEASES AND TRANSFERS

In 1988, Unisys reported total releases and transfers of TRI chermcals of i

-2, 039 899 pounds, of which 42 percent were of 33/50 Program' chemicals.

Between 1988 and 1993, the following eight facilities reported releases and’ trans- |.

" fers of 33/50 Program chemicals to TRI: Roseville, St. Paul, and Eagan
Minnesota; Waterbury, Connecticut; Great Neck New York Salt Lake C1ty, Utah;
and San Diego, California (two facilities). Exhibit 1 presents company data on
releases and transfers of TRI chemicals for 1988 and 1993. Exhibits 2 and 3 pro-
vide a breakdown of the company’s 1988 -data by chemical and by-media.

Addltronal data are prov1ded in Appendlces A through Dat the end of this Proﬁle

Umsys reported releases and transfers of the followmg SIX 33/50 Program |

'. chemlcals srnce 1988:

‘ Chromzum compounds are used pnmanly in the acidic solutlons used to etch:

copper and clean metal surfaces in circuit board manufactunng processes, and are |.

g —4El-

At Unisys, environmen-
tal stewardship means

. designing, manufactur-

ing, and sellmg envi-
ronmentally acceptable
information manage-
ment solutions.

-Greg Fisher, Vice
President Regulatory

. Affairs, Unisys
Corporation.




primarily transferre

33/50 Chemicals (1000s Ibs.) site for treatment and
' recycling.

Chromium Compounds

Dichloromethane .
Lead & Compounds Dichloromethane was

Methyl Ethyl Ketone ‘ - -l used for stripping residual
1,1,1-Trichloroethane photoresist after etching
Trichloroethylene and was released entirely

33/50 Subtotal* © 8562 as air emissions.
Other TRI Chemicals Lead compounds were
principally used in solder
TOTAL* ] plating of printed circuit
' boards and were trans-

NR Not reported to TRI; use below repbrting threshold ferred off-site to publicly

* . .
Columns do not sum to totals due to roundmg. owned treatment works -

(POTWs) and for ecy-

1, 1 1- I)'zchloroethane ( TCA) is used to develop photores1st pnor to etchmg and

for cleamng 01rcu1t board inner layers prror to assembly, and is released pnmarl-

‘Trichloroethylene (TCE) was used for cleaning circuit board inner layers prior to
‘ assembly, and was released as air emissions.

The Unisys facrhty in St. Paul was the largest contnbutor to releases and
ers of 33/50 Program chemicals in 1988, and was responsible for 100 per-

of MEK and TCE enussmns, and 96 percent of dlchloromethane emissions

| reported by the company. Several facilities (Waterbury, Great Neck, Roseville,
‘ and two in San Dlego) reported releases and transfers of only one chermcal TCA

x

33/50 PROGRAM GOALS‘ AND REDUCTION

|PROJECTS

Unisys pledged a 90 percent corporate-wide reduction of releases’ and ’
transfers of 33/50 Program chemicals by 1995, using 1988 TRI levels as a base-
line — a reduction goal of 767,199 pounds. The company stated that it intended

.| to rely on source reductron measures to achleve reduct1ons, rather than on recy- ‘

cling or treatment

. To achleve the 90 percent reduct1on, Umsys esta l1shed spe01f1c waste-
reductron goals for its fac111t1es that would result in a 90 percent reduction of




TCE (13.32%) "Chromium Ccmpoufgds (5.59%)

Dichloromethane (33.46%)

-

TCA (44.39%)

Lead Compunds (0.53%) .

Exhibit 2

Percentage Breakdown of
33/50 Program Chemical
Releases and Transfers for
1988 (by Chemical)

MEK (2.72%)

TCA, a 100 percent reduction of both TCE and dichloronrethane and‘ a 76 per~
cent reduction in chromium. Releases and transfers of MEK and lead were
expected to remain the 'same, but opportunities for reducmg releases and transfers

of these chemicals would be evaluated. In July, 1993, Unisys revised its goals for |

chrormum by committing to a 95 percent reduction.

The 33750.Program at Unisys is administered at the corporate level. The
program is directly implemented at the facility level by the environmental and
production management at each facility, along with staff members who decide
which chermcals to reduce or eliminate and the methods for ach1ev1ng the reduc-
_ trons. '

‘This Profile focuses on three . pI'Q]eCtS undertaken at the company s St
Paul facility to reduce or eliminate the use of 33/50 Program chemicals. The St.

Paul facility, which employs about 800 workers, manufactures printed circuit |’

boards for the U.S. military. -Because the St. Paul facility accounts for the largest

- quantity of 33/50 Program chemical releases and transfers of any Unlsys facility,.

, the pollution reduction efforts at this facility resulted in the majonty of the com-
pany's reductions of 33/50 Program chemicals. Appendix B at the end of this
Profile contains data on releases and transfers of TRI chermicals at the St Paul
facility. o ‘

’

“All three projects involved modifying the production pr‘ocess.for manu-
facturing printed circuit boards. Generally, circuit boards consist of multiple

Transfers Off-site for Treatment/Disposal/Other (8.26%) |

Transfers to POTW (0.58%)

Air Emissions (91.16%)

The poliution reduction
efforts at the St. Paul
facility account for a
majority of the compa-
ny'’s total reductions. -

Exhibit 3

Percentage Breakdown of

'33/50 Program Chemical

Reléases and Transfers for

1988 (by Media)
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board. A schematic of the process for manufacturing “prmted circuit boards is
shown in Exhibit 4 and is referred to in the detailed process description that fol-

|lows. This schematic also indicates the chemicals used i in each of the processes

“ d1scussed in this Proﬁle

v e,
‘a

cleaned and layered on top of each other, final layers of copper—coated board are
placed on the top and bottom, and the package is pressed to produce a board (steps

w| 5-6). Holes are then drilled in the board and a two-step platmg process is used to
j““fcoat the holes w1th copper (steps 7 8) :

The c1rcu1t pattern is placed on the ﬁnal layers usmg analogous steps

described for the inner layers. The final layer copper board is coated with a l1ght-

sensitive polymer (step 9, apply photore51st) and the area surroundmg the circuit
board pattern is imprinted on the board using ultraviolet light. The polymer that
is.not exposed to light (i.e., the circuit board pattern) is removed (step 10, devel-

A =

e circuit board pattern and holes are solder—plated (step 11) and excess

| of the final layer 01rcu1t pattern from bemg removed by the stnppmg process)
| (step 13, etch). :

The c1rcu1t board is cleaned with acid to remove metal oxides, dried in an
oven, and placed in hot 011 to allow the solder to ﬂow Wthh enhances the elec—

W A e

‘ FlI‘St a copper-coated inner layer board is covered W1th a hght-sen51t1ve
‘ polymer and the circuit board pattern is 1mpr1nted on the polymer using ultravio- -

let light (step 1, apply photoresrst) The polymer that is not exposed to light is”

| then removed (step 2, develop). The bare copper is etched away (step 3,etchyand =

| the circuit pattern is cleaned of residual resist (step 4, strip). The inner layers are

‘ polymer 1s removed (step 12 strlp) The 01rcu1t pattern is then created by etching =~
away all copper except the circuit pattern (the solder plating protects the copper

e “llll}l\mﬂm\ [ llHll}1}1}1WW1}1l‘llllﬂlﬂlllll i

e \\\\111ulu11:\\\wuuuuuuwuuﬂu\‘

l
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trrcal connections (step 14 solder bnghten and fuse). A permanent protectlve h
layer of polymer which acts as an insulator, is then placed on the board using sim- |.

ilar steps described for the inner and final layers. The polymer is placed on the

- final layer board, cured on the board using ultraviolet light, and excess polymer -

"'is removed (step 15, apply and develop solder mask). The final circuit board is
now ready for the assembly process in which components are attached.

- Three projects undertaken at the St. Paul fac111ty that reduced or eliminat-
“ed the use of 33/50 Program chermcals are d1scussed in this Profile:

° Replacmg a chromlc/sulfarzc acid etchant for ﬁnal layer boards wzth an.

alkalme etchant;

® Replacmg solvents for cleanmg inner layers ( TCE or TCA ) wzth tacky
~ rollers; and :

o Replaczng solvents for developing and strtppmg (TCA and
«dzchloromethane respectively) with aqueous proce: sses.

h Pro;ect #1: Replacing Chromzc/Sulfunc Acid Etchant with an Alkalme '
Etchant ,
;o Chrormc/sulfunc ac1d was used to etch copper from ﬁnal layers of circuit
boards (step 13 in Exhibit 4) resulting in approximately 25,000 pounds of chromi-

*um waste in 1988, which the company transferred off-site. Because of the h1gh a

"cost of purchasing and disposing of the chemicals used in this process, Unisys
decided to reduce, and if possible, eliminate the use of chromic/sulfuric acid in
‘the’ fmal sulfuric etching process. At the time, the drsposal cost for chromic ac1d
was one of the- largest environmental costs at the facility.

\

As an 1n1t1a1 step in reducing the 'use of chromic acid, the fac111ty invest- |

ed about $400,000 in an electrodialytic regeneration system in 1987. This system
~ was_designed to regenerate the chromic/sulfuric acid etchant for reuse and to
recover the copper etched from the boards for recychng However, the system

malfunctioned almost immediately after installation and was shut down for ‘

repairs. In late 1992, after repeated problems and attemptc to test-and repair the

system, Unisys realized the system was unreliable and would not provrde the

expected cost savings, and shut the system down. The electrodlalytlc regenera-
tion system was later dlsmantled and disposed of - :

* .In 1993, a team of operators, production engineers, maintenance person-

' '. nel, environmental managers, and occupational, safety, and health personnel were

assembled to select an etchant that would be more cost effective and reliable, less
toxic, generate less waste, and use less rinse water than the chromic/sulfuric acid
etchant.

N

The team considered three alternative etchants ammoma-based alkahne .

‘ etchant peroxy/sulfuric acid, and cuprlc chlorlde These etchmg chemistries rep-

33/50 PRQGRAM C_’oMPANY PROFILE: UNIsYS CORPORATION
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Unisys replaced

chromic/sulfric acid
etchant with alkaline
etchant for 90 percent
of its products.




The implementation of | |

resent those most widely used in the industry. Peroxy/sulfuric acid' was very
expénsive and extremely volatile, while cupric chloride could not be used on final

|layer boards since it corrodes the solder coating on the boards (step 11 in Exhibit

4). Thus, these two alternatives were eliminated from further consideration, The

team compared the costs of using the third alternative, an alkaline etchant, with.

that of chromic/sulfuric acid, and considered such factors as water use, worker
xposure, purchase and disposal costs, and ease of maintenance. The team deter-
‘ lkaline etchant was the more cost—effectlve (costs are dlscussed rn

oo e

equrpment used. Chrormc/sulfunc acid is'used in an enclosed conveyorlzed sys-
h ‘equlpment used

etchant because the entrance and exit openings are large, and ammoma vapors

escaping through these opemngs would be too strong for workers to tolerate.
Unisys had to purchase equlpment that could transport the 1tems to be etched

The team selected etchant equ1pment ased on formatlon gathered a

'year earher when another etchant system at the facﬂ1ty was replaced and used the
'same manufacturer as had been used before. In July 1993, an alkaline etchant
‘machine wa purchased. Th1s machine has rinse modules designed to keep virtu-
ally all of the etched copper in the etchant. The copper laden. waste etchiant is
given to the vendor from whom the etchant is or1g1na11y purchased. The vendor

removes the ammonia from this etchant, and the copper oxide that is generated is

sold to the wood preservative 1ndustry foruse as a feed stock in the wood preser-
| vative chromated copper arsenate. Because the waste etchant is transferred as a

BT A

uct, it does not require. treatment as a RCRA hazardous waste thereby reduc- ,

Although the company wanted to elmunate the use of chromic/sulfuric
acrd as an etchant, it determined that the alkaline etchant was not suitable for cer-
ucts. In particular, the alkaline etchar

mately 10 percent of the
etched w1th chrormc/sulfunc acid.

Img lementmg ‘t‘hewatkahne etchant system resulted in ‘a cons1derab1e cost
 savings for Unisys. Exhibit 5 compares the costs of the two processes. The com-
| pany incurred about $95,000 in initial capital costs for the alkaline etchant equip-

ment and $1,000 for disposal of the old chromic etch equrpment The purchase
d di al costs for the alkaline etchant, however, are substantially less than

that of the chromic/sulfuric acid etchant. In the first half of 1993, Unisys used

' 33/50 PROGRAM CoMPANY PROFILE: UNISYS CORPORATION




11 015 gallons of chromlc ac1d etchant per year ata cost of $2.14 per circuit board |-
" produced. Disposal of spent etchant waste (24,695 gallons generated. per year)

cost $4.71 per circuit board. In addition, disposal of waste sludge, consisting-of

chromlum copper lead, nlckel sulfate, and sodium salts cost $0. 29 per board

In the second half of 1993 after 1mp1ement1ng the alkalme etch system
the company used 2,020 gallons of chromic/sulfuric acid etch and 4,345 gallons
of alkaline etch per year, which cost about $1.12 per circuit board produced —a|
50 percent reduction in this cost component Unisys dlsposed of 3,355 gallons of | .
spent chromic/sulfuric acid etch and alkaline etch waste, costing $0.88 per print- -
ed circuit board — an 81 percent reduction in this cost component. Disposal of ‘

-sludge, generated from the chrormc/sulfunc acid etch and alkaline etch cost $0.25
per board — a slight decrease from previous sludge disposal costs.

-

Exhibit 5

COST ELEMENT o 100% CHROMIC 90% ALKALINE ETCH =
' e . ETCH . 7 10%. CHROMIC ETCH Comparison of Costs for
I D Project #1 (Etching)
Fixed Costs:." 7 , ' ' 7
Purchase new equipment ~ Sunk cost - "~ $95,000

Dispose of old equipment - ) . - - $1,000

Annual Costs (per circuit board):

Chemical purchase . s214

Disposal of waste entchant $4.71

. Disposal of sludge " $0.29

" |Total Annual Cost (per circuit board) $7.13

By implementing the alkalme etchmg system and using chromic sulfurlc Unisys now uses
acid etchant only for special apphcatlons, the company's annual costs dropped | chromic/sulfric acid
' nearly 70 percent, from $7.13 per board to $2.25 per board. In addition, the com-.| etchant only where .
" pany's water consumption decreased considerably; however this cost savings can | necessary.
- not be calculated separately for thlS process change = ] o

) Although Umsys had been aware of the technical feas1b111ty of using alka—
 line etchant since the. 197OS, the decrslon to convert had been delayed because the
etchant could not be used on all products However because of the high cost of
the chromic/sulfuric acid etchant, and the .company's wish to eliminate using
133/50 Program chemicals, Unisys decided to split the productlon line and use the
chromic/sulfuric acid only where it was essentlal

‘Pi"ojec‘t #2: Replacing Solvents for Degreasing with Tacky Rollers'
Chlormated solvents’ (TCE and TCA) were used as degreasers to clean the |

inner layers of the printed circuit boards prior to assembly (step 5 in Exhibit 4).
In 1983, this cléaning process released approx1mate1y 113 000 pounds of TCE to

. 33/50 PROIGRAM'COMI"ANY PROFILE: UNISYS CORPORATION




the air. TCE
was used for
this purpose
until 1989,
when it was

| assembled into circuit boards.

Umsys elimin

ing by :mprbued mate-

ndling and use

f tacky ral lers.

R

rollers produce a |

replaced with
{ the less toxic
solvent, TCA.

Inner lay-
ers were
cleaned prior

¥ to assembly

{to  remove

“ organic mat-

: ; ter like finger

prints and loose debns llke dust. These contaminants collected on the inner lay-
ers, between the time the inner layers were produced and the time they were

Unisys eliminated the need for solvent cleaning by changing two process-
es. First, in 1987, Unisys began requlrmg that employees wear gloves when han-
dling the inner layers. This process change reduced the amount of organic matter

| that was deposued on the i 1nner layers. Second, about two years later, the compa-
‘ny introduced a new process to remove loose debns from the boards. ‘ ‘

In 1989, a Unisys employee suggested using tacky rollers instead of sol-
vents to remove loose debris from the inner layers. -She had used hand-held
rollers covered with tacky paper to remove loose debris while working at anoth-
er Unisys facility, and had discovered that tacky rollers cleaned the boards better

than did TCA. To test this process change, the St. Paul facﬂlty purchased a hand-

held tacky roller from the manufacturer. About six months later, the manufactur-
er of the tacky roller produced a completely automated machine, which the St.
Paul facility purchased In January 1990, the use of solvents for inner layer board
cleamng was completely el1m1nated w1th the implementation of tacky rollers.

"The tacky roller machine (Exhibit“ &) contains two rollers coated with a
tacky substance. A technician manually inserts the board into the machine

| between the rollers. The rollers pull the board through the machine and roll it
back returnmg it to the techn1c1an. The tacky coatlng on the rollers removes

layer b ard than the solvent

ty of producmga damaged

'{ product. The rollers also reduced the labor required to clean and assemble the

boards. Before usmg tacky rollers dlfferent workers performed the degreasmg




N P . . S T T

COST TO CONTINUE SOLVENT CLEANlNG C ' COSTTO IMPLEMENT TACKY ROLLERS
. N Y N - -

Fixed Costs: S .

: . : ) . . Purchase of 8 tacky roller $24,000
Sunk Costs . e - machines

Dlsposal of 3 degreasers ) $60,00'0v

" }Annual Costs:

Purchase solvents ) i $46,000 Roller refills . $5,000
Dispose of waste solvents $0 i Dispose of rolier refills - $0

Total Annual Cost |  $46,000 .

and the layering of the boards (steps 5 and 6in Exh1b1t 4). Usmg tacky rollers
however the same worker who layers the boards performs the cleaning.

Us1ng tacky roller machmes resulted in cost savmgs for Umsys Exh1b1t

7 compares the' costs of the two processes. The initial capital cost to purchase .'
' the tacky roller machines was $24,000, while the cost to d1spose of the solvent

degreasers was $60,000. The annual cost to use tacky rollers for cleaning is con-
siderably less than the cost of using solvents. The annual cost to purchase sol-
vents was approxrmately $46,000 per year (this cost varies depending on the
quantity of solvent used and the price of the solvent) Because Unisys reclaimed
most of the solvent, there were usually no waste solvent disposal costs. The
annual cost of using the tacky roller machines is about $5,000 per year, the price

" of roller refills. Each machine has two sets of rollers: one permanent set and one

replaceable set that.can be thrown in the trash. Additionally, converting to ‘tacky

“rollers reduced labor and energy costs. Those costs ‘were not quantified by the
- company. Even ignoring labor and energy cost savings, Unisys achieved annu-

al savings of $41,000, which provided a payback penod of just over two years
on their «capital investment for the new solvent—free cleamng system.

‘ Project #3: Replacmg»Solvents for Developmg and Strtppmg with Aqueous

———— Processes :

- 'TCA. and/or d1chloromethane were used in, three d1st1nct processes in the

\ manufacture of printed circuit boards: to develop and strip inner layer boards

(steps 2 and 4 in Exhibit 4); to develop and strip final layer boards (steps 10 and
12); and to develop the solder mask (step 15). In 1988, these develop and strip

. processes resulted in air emissions of 139 OOO pounds of TCA and 274,000
;. pounds of dlchloromethane '

‘Initially, the decision to replace t the developer and the stripper was based |

on the need to eliminate the use of dlchloromethane In the early 1980s,
drchloromethane was found to be carcinogenic, which led to public health con-

cerns about the large quantity of dichloromethane emissions to air from the facil-.

' 33/50 PROGRAM COMPANY PROFILE: UNISYS CORPORATION

Exhibit 7

Comparison of Costs for ~
Project #2

Using tacky roller
machines resulted in
cost savings for Unisys.




lty Because t e developer and stripper ad to be compat1b1e with each other,

jneeded to be found as well.

eliminating the dichloromethane stripper meant that an. altematlve developer

mwwju Lo kwt w“u Benday “:w‘ oy

Replacing the chlorinated solvents used as developers and strippers also
required finding photoresist polymers that were compatible with the alternative

; chermcals As descnbed prev1ously in the circuit board manufacturmg process,
| the developer is ‘used after the photoresrst has been exposed to light to fix the
xposed polymer and to remove the unexposed polymer. The stripper removes

he exposed polymer ‘after the etching process. The primary barrier to switching
develop and strip chemistries was finding a polymer that met the necessary stan-
dards and was compatlble with the alternative chenustrres

In the early 1980s, Umsys began a program to replace TCA (in develop-

| ing) with potassium carbonate, and replace dichloromethane (used in stripping)

ith potassium hydroxide. Substituting these solvents with aqueous solutions

|
sions was determined by the ava11ab111ty of alternative photore31st polymers for
ach of the three steps, smce each consec tlve step had 1ncreasrngly ngorous o

proc ¢'in order to eliminate the use of all solvents. A team of workers was

!“‘formed to select the equ1pment needed to 1mplement the process changes. The

ally rev1ewed equrpment that was avmlable on the market sent sample

oardhs“occurred inthe '~
in the late 1980s, and
i the replacement for the solder mask occurred in 1993. The trrrung of the conver-

| replace the developer and stnpper used on the final layer boards (steps 10 and 12)

‘Whrle changes were made to the inner layer process, Unisys tried to

However, the company was ‘unable to find'a polymer compatlble with the aque-

‘ous developer and stripper that met the requrrements for outer layers. The poly-
- mer coatmg cured on the final layer board must be more durable than thatusedon

th 1 th ﬁnal-layer coatm must withstand exposure to more

bec

chemicals than the inner-layer coating. It wasn't until the late 1980s, when better =~ =
” ‘frnethods became available, that the facility could replace the chlorinated solvent
developer and stripper with aqueous solutions.

In the late 1980s, Unisys begantesting aqueous-based systems for the
final solder mask (step 15). However, it took a long time to develop a process that

fwas both acceptable for military purposes and compatrble with the company s

‘process
| board, military standards (mil specs) for this process were more rigorous than for

Because the solder mask is a permanent coatrng that remains on the




N

g

7

‘ polymers used in earlier processes At the time, there were products ava1lable that

met the ‘mil specs, but these products were not compatible with the Unisys

" process. The company did not want to invest the money to research and develop

anew process. In 1993, the manufacturer of the solvent-compatible solder mask
used by Un1sys discontinuied productlon and the facility was forced to find an
alternative solder mask. By this time, products: had been developed that were
compatible with the Unisys process and with the mil specs. By converting to an

. aqueous-compatible solder mask, Unisys replaced TCA with potassium carbon-
‘ate, which cornpletely eliminated the use of TCA at the St. Paul facility.

Replacrng the solvents used for developmg and strlpprng w1th aqueous '

processes required a large capital investment for equipment for each process

~change (see Exhibit 8). The developer and stripper equipment for the i inner layer
‘boards cost about $330,000., The developer and stripper equipment for the final

layer boards cost about $160 000, and the solder mask developer equipment cost
about $87,000. The annual purchase cost of chemicals, however, has dropped

considerably followmg the 1mplementatron of the aqueous processes.} The annu- |
al cost of chemicals for developing inner and final layer boards dropped from

$63,000 when using. TCA to $4,900 when using potassium carbonate. - In addi-

COST ELEMENT. . CONTINUE USE OF SOLVEN;I'S IMPLEMENT AQUEOUS PROCESSES

develop and strip inner and final layer boards -

Fixed costs: v , ’ :
Purchase new equipment . Sunk costs ) $490,000

Annual costs: ) o -
Chemical purchase ) '$329,500 : B .+ $14,000 |

develop solder mask
Fixed costs: ' )
Purchase new equipment Sunk costs ~ $87,000

Anuual costs:

" — e . s

tion, the annual cost of chemicals for"stripping inner and final layer boards‘

Chemical purchase , .$27,400 - ~ $2,300

declined from $266,500 when using dichloromethane to $9,100 when using

‘ potassium hydroxide. With the solder .mask developer annual chemical costs
‘dropped from $27 400 when using TCA to $2 300 when using potassium carl)on-

ate. : RN

'

annual savings of $316,000, on a capital investment of $490,000.: Replacement

of solvents with aqueous ‘processes for - solder mask. developmg resulted in an |- ‘v
annual savings of $25,000 on an $87 000 caprtal investment.

i

.

33/50 ProGRAM COMPANY PROFILE: UNISYS . CORPORATION

" Exhibit 8

Comparison of Costs for
Project #3

‘ The replacement of solvents for developing and su‘ipping with aqueous
- processes resulted in tremendous savings for Unisys. Substituting solvents for
udeveloprng inner and final layer boards ‘with- aqueous processes resulted in an

Conversion to aqueous

processes required
large capital invest-
ments but resulted in
lower annual costs.




In addition to the costs ove, other significant costs include
chemical disposal costs, equipment disposal costs, and changes in wastewater
 treatment costs. However, Unisys was not able to provide quantitative estlmates

of these costs. The company also incurred 31gn1ﬁcant costs developing new waste
treatment methods for wastes from the aqueous system. The most significant
 issue was developmg a process for removmg the heavy metals from the aqueous
‘waste. The aqueous chemicals made the wastewater treatment process more dif-
ﬁcult because they chelate metals, thereby mak_mg these metals more difficult to ‘

| separate from the cleanmg solutlon in the treatment process Tt took Unrsys near—

|ly a year 'to develop a waste treatment method that worked cons1stent1y and eco— ‘

Unisys reduced releases and transfers of 33/50 Program chemicals by
over 831,313 pounds between 1988 and 1993 — a 98 percent reduction from

852,443 pounds to 21,130 pounds. As shown in Exhibit 9, the company has sur-

passed its goal of a 90 percent reduction in releases and transfers of 33/50

Program chemicals. Of the six 33/50 Program chemicals used by Unisys, the

‘| largest reductions were from chromium compounds, dichloromethane, TCA, and

f dichloromethane and TCE has been completely eliminated. " L

chromlum compounds dropped below the 10 OOO pound reportlng threshold. o
Exhibits 10 and 11 show the percentage breakdown- of 1993 33/50 Program chem-
{ical releases and transfers by chemical and by media, respectlvely

uced releas-

The sources for the company-w1de reductions of 33/50 Program chemi-

nt. cals are illustrated in Exhibit 12. Of the total reductrons 65 percent were

achieved by process changes made at the St. Paul facrhty, and one percent result—'

.|ed from process changes made at other facilities. The remammg 34 percent of

.| reductxons resulted from decreases in productlon and closure of manufacturing
operatlons The company has 51gn1ﬁcantly reduced its 81ze from 120, OOO“ “

Non-33/50 Chemicals

Bl 33/50 Chemicals

TRI Releases and
Transfers (1,000 Ibs)

1988 1989 1990 1991 - 1992 ‘1993

33/50 Goal: 90% reduction in releases and transfers of 33/50 chemicals by 1995




‘Chromium Compounds (0.53%)

TCA (99.47%)

employees and $10 bllhon of revenue in 1988 to 48,000 employees and $8 bil- |

lion of revenue in 1993.

At the St. Paul facﬂrty, the majonty of reductions in releases and transfers
of 33/50 Program chemicals resulted from process changes. At this facility, the
use of dichloromethane and TCE decreased by 100 percent since 1988. Releases
and transfers of TCA at this facility decreased 91 percent, while use of chromium
compounds dropped below the reportlng threshold

Transfersnoff-site for Tréatment?Disposal/Other (1.00%)

Transfers to POTW (0.52%)‘

Vo Exh1b1t 13 presents data on the sources of reduct1ons in releases and trans-
- fers of 33/50 chemicals at the St. Paul fac111ty Seventy one percent of the reduc-
tions were achieved by substltutlng aqueous processes for TCA as the developer
and dichloromethane as the stripper. Twenty percent of the reductions resulted.
from replacing TCE with tacky rollers, and five percent were achleved by replac-
ing chromic acid etchant wrth an alkaline etchant

Although not a part of its 33/50 Program goal, Umsys has reduced emis-

sions of TRI chemicals not targeted by the 33/50 Program. Releases and transfers

- of non-33/50 TRI chemicals decreased by 85 percent, from 1,187,456 pounds in
1988 to 173 297 pounds in 1993 At the St. Paul fa0111ty, re leases and transfers of

’ ' . : : N

33/50 PROGRAM COMPANY PROFILE: UNISYS CORPORATION

Exhibit 10

Percentage Breakdown of
33/50 Program Chemical
Releases and Transfers

for 1993 (by Chemical)

Exhibit 11

Percentage Breakdown of
33/50-Program Chemical
Releases and Transfers for
1933 (by Media)




Sources of Reductions in

- Releases and Transfers at |

Decreased Production or Plant
Closings (34%) :

Implementation of .
Nqueous-Based
eveloping/Stripping

Process (St. Paul)
(48%) .

Implementation of Tacky Rollers

Projects at Other Unisys Facilities (1%) 7 (St. Paul) (14%)

i mmm\ '\wﬁ@wun@wmﬁﬁuﬁgl t)

Other Projects (4%)

Implementation of Alkaline
Etching Process (5%)

Implementation of Implementation of
Tacky Rollers (20%) y Aqueous-Based .
v Developing/Stripping
Process (71%)

Total St. Paul facility reductions in releases and transfers = 562,207 pounds

non-33/50 TRI chermcals have decreased by 86 percent frorn 495,589 pounds in
111988 to 70,575 pounds in 1993. The largest reductions in releases and transfers

97 88“ and 85 percent, respectrvely, smce 1988 These reductrons may be attrrb-w ) o o

d to several factors: copper use has dechned due to reduced productlon CFC-
113 is bemg phased out under the Montreal Protocol and sulfunc acid used 1n
tchant processes has been replaced

FUTURE CHALLENGES

Despite the success of Unisys in reducing the use of 33/50 Program chem-
icals, the company continues to investigate methods to eliminate the use of 33/50
Program and other TRI chemicals. Company-wide, Unisys plans to eliminate

‘CFCs by 1999 and is currently phasmg out CFC—refrlgerants from its facilities by

converting to non-CFC refrigerants in ex1st1ng equipment or by replacmg outdat-

ed equipment. ' The company s Rosev111e facrhty recently replaced lead used i m ‘

‘ oldermg with tin and bismuth in some processes At its St Paul facﬂrty, several




projects are being planned to further reduce the use of 33/50 Program chemicals.
The need to completely eliminate the use of chromic acid as an etchant is under
discussion, and methods to reduce the use of methyl ethyl ketone needed for the
‘manufacture of ceramic circuit boards are bemg researched '

| CONTACT FOR FURTHER INFORMATION

| For additional information on any of the infor-
mation provided in this case study, please con-
tact the followmg individual:
25725 Jercnimo Road.

o Mission Viejo, CA 92691
x , o " _ Tel: (714) 380-5532
o - Fax: (714) 380-6634 .

' Greg Fischer
Vice President Regulatory Affairs
Unisys Corporation

33/50 PROGRAM COMpANY PROFILE: UNISYS CORPORATION
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Percent
Change

Quantity  1991-1995

Production ~ -

Energy
Recovery

g
&

&
£
g

Treated

Treated

Recycled

Recycled

- Freon 113

Sulfuric acid

324,429
238,666

143,295
110,611

1,269,189

1,500

- Non 33/50 Program Chemicals

2,217,002

1,972,839

0
0

1,297,124

87,616 150,058 1,413,228 °
1,101,381

1,034,106

2,376,206
2,099,476

423,463
294,999

149,968

1,270,029

1,500 °
1,106

icals

- All TRI Ch

1,483,776
1,119,611

110,829
88,047 174,867
-99%

1,298,015
1,034,997

0

997,645
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Chromium-compounds
33/50 Program Chemicals

Methyl ethyl ketone
1,1,1-Trichloroethane

-PARAMAX SYSTEMS CORP. - SAINT PAUL, MN
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