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CHEMICAL PRODUCT ENGINEERING

CHEMICAL PRODUCT DESIGN

Customer
Needs <y — Chemical
—_— product R Chemical
s process design product
Py integration
New “
Technologies \ I
q
Multi-faceted

approach
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:COMMODITY CHEMICALS

Compounds produced in large quantities for which the price is the differentiating factor.

Example: sulphuric acid

:CHEMICAL PRODUCTS

CATEGORY OF PRODUCT

Specialty chemicals

Formulated products

Bio-based concepts

Devices

Technology-based
consumer goods

Virtual chemical products

Services

FEATURES

Compounds produced in small quantities for which
performance is the differentiating factor

Multifunctional and micro-structured combined
systems

Innovative biomaterials, drugs (genomic and post
genomic solutions) and tissue and metabolic
engineering technologies

Devices that carry out a physical or chemical
transformation

Consumer goods whose functionality is provided by
a chemical/physical technology

Software supporting chemical process-related
industry activity

Services based on the direct application of scientific
knowledge and engineering approaches
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EXAMPLE

PolyDADMAC

Hand lotion

Alendronate sodium .

Blood oxygenator
¥, ﬁ

Disposable nappy

Software to simulate
chemical processes

Consultancy
company providing
advice on waste
management




0-3. 2tet MlE 24 4=

HEAA
IL
o RZ My MA Ao wat EX
:NEW PRODUCT DEVELOPMENT
PHASE 0 PHASE | PHASE 2 PHASE 3 PHASE Y4 PHASE S5
. = Product e System-level s . . ==l Testing and === Production

SanIEng concept design design g refinement ramp-up
:PHASE |
PRODUCT CONCEPT DESIGN

STEP | STEP 2 STEP 3 STEP Y4

; Establish
Mission Identify Generate Select
statement ™% customer > rftar99t ’ product > product
needs e ance ideas ideas

specifications

STEP S STEP B STEP 7

Test . Establish final - Plan : Development
product product downstream plan

ideas specifications development
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STEP | STEP 2 STEP 3 STEP Y4
_ - Establish
Mission ) Identify N - Generate - Select
statement customer erftc?:ngtnce product product
needs P ideas ideas

specifications

STEP S STEP 6 STEP 7

Test ’ Establish final ) Plan . Development
product product downstream plan

ideas specifications development
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el Planning the
tatlsl::::: exploration of
state market and

customer variety:
< customer selection

matrix [43, 45]
|. GATHER RAW DATA FROM CUSTOMERS [4Y, 451
» Selection of the customers 1
Data-gathering

methods [44, 45, 48, 49] * Interact with the customers and explore the
context of application of the new product
* Interviews [50]

* Focus groups * Document the interaction with customers and

» Exploration of the exploration of the context of application of the new

context of use of the new product

product (passive )
observation of customers * Write thank-you notes to the customers involved Documenting the
or adoption of a “be an in the data-gathering process data-gathering

user” attitude) process:

* Other qualitative 4
market research
techniques

» audio recording

* writing notes

* video recording
! * photography

2. INTERPRET THE RAW DATA IN TERMS OF CUSTOMER
NEEDS [44, 4S5, 501
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3. ORGANISE THE NEEDS INTO A HIERARCHY [44, 45, 511

* Print or write the need statements on individual
cards or self-stick notes

*» Eliminate redundant needs statements
consolidating those that are identical in meaning

» Group the cards according to the similarity of the
needs they express (typically, each group should
include 3 to 7 need statements)

* Assign a title (a need statement itself) to each
group

« If there are more than twenty groups, consider
creating supergroups of 2 to 5 groups (depending on
the number of need statements, a two-level or three-
level hierarchy is used)

* Review and edit the organised need

statements

NEEDS [44, 511

Set of ranked and
hierarchically
organised need
statements

Organising the
’ hierarchy of
customer needs:
* list
+ affinity diagram
* tree diagram

Y. ESTABLISH THE RELATIVE IMPORTANCE OF THE ﬂ

Expressing the

relative
importance of the
needs:

! « use numerical
J weights

§ * Kano's method
| 152)
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Customer selection matrix for the development of a new paint concept.

TYPE OF CUSTOMER

MARKET LEAD USERS FINAL CONSUMER USER RETAILER
(HOUSE DWELLER) (PAINTER)

High quality house
: - 1 4 6 4
restoration professionals

High quality house building 0 4 5 4
professionals

Do-it-yourself consumer 0 - 6 3
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GUIDELINE

Phrase the need based
on the functionality of the

product and not the
potential technical

solution that guarantees

the functionality

Express the needs as
specifically as the raw
data

When possible, use
positive instead of
negative phrasing

Express the need as an
attribute of the product
being designed

Avoid the words "must”
and “should”

o o MO ElO| X|Xl Qo] XM Hity

lllustration of the translation of the raw data into need statements

RAW DATA

(CUSTOMER STATEMENT

OR TEAM OBSERVATION)

why don’t you add some

fragrances to the paint to

eliminate its long lasting
unpleasant odour?

1 have to do my work both in
winter and summer and in
several points of the country
and in different environments,
so | need a paint that can be
applied over a wide range of
temperatures.

I need to be sure that I don’t
take any risks when | am
using the paint.

I would like to be able to
apply the paint with no need
fo submit the surface fo any

kind of pre-treatment.

1 hate those paints that take
ages to dry.

RIGHT NEED

WRONG MNEED
STATEMENT

STATEMENT

The paint has no
persistent unpleasant
odour

The paint has
fragrances to avoid
persistent unpleasant
odours

The paint can be
applied over a wide

The paint is robust
range of temperatures

The paint is safe for The paint is not harmful
those applying it

for those applying it

The paint can be
applied on untreated
surfaces

The surface does not
require treatment before
being painted

The paint dries quickly The paint should dry
after application

quickly after application

NS4
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THE PAINT HAS ADEQUATE APPLICATION CHARACTERISTICS

MELH =

The paint is easily applied

The paint adheres to the surface

The paint satisfactorily covers the surface after the first layer is applied
The paint can be applied on untreated surfaces

The paint can be applied over a wide range of temperatures

The paint is applied with no splashes

The paint dries quickly after application

The paint drying is independent of the environmental conditions

The paint is stable

The paint is homogeneous

The paint is safe for those applying it
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THE PAINT HAS ADEQUATE AESTHETIC CHARACTERISTICS
The paint is opaque

The paint is available in a variety of colours

The paint maintains its colour after application

The paint provides a homogenous aspect of the surface
The paint is available in a variety of surface finish

The paint has no persistent unpleasant odour

THE PAINT PROTECTS THE SURFACE
The paint protects the surface from comrosion
The paint protects the surface from microorganisms

The paint gives mechanical resistance to the surface

MELH =
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THE PAINT HAS ADEQUATE AESTHETIC CHARACTERISTICS
The paint is opaque

The paint is available in a variety of colours

The paint maintains its colour after application

The paint provides a homogenous aspect of the surface
The paint is available in a variety of surface finish

The paint has no persistent unpleasant odour

THE PAINT PROTECTS THE SURFACE
The paint protects the surface from comrosion
The paint protects the surface from microorganisms

The paint gives mechanical resistance to the surface

MELH =
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THE PAINT IS DURABLE

The paint maintains its aesthetic characteristics

MELH =

The paint is resistant to the appearance of cracks
The paint is resistant to cleansing

The paint is easily cleaned
THE PAINT IS EASILY REPLACED

THE PAINT IS NOT TOXIC
THE PAINT HAS AN ADEQUATE PRICE

THE PAINT IS CUSTOMISED FOR THE SPECIFIC APPLICATION
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One-dimensional needs

+ The paint can be applied on
untreated surfaces

* The paint dries quickly after
application

» The paint drying is independent
of the environmental conditions
+ The paint is available in a
variety of colours

+ The paint maintains its colour
after application

* The paint is available in a
variety of surface finish

+ The paint has no persistent
unpleasant odour

+ The paint protects the surface
from corrosion

+ The paint protects the surface
from microorganisms

» The paint gives mechanical
resistance fo the surface

+ The paint maintains its
aesthetic characteristics

+ The paint is resistant to the
appearance of cracks

Attractive needs

« The paint satisfactorily covers the
surface after the first layer is applied
« The paint is applied with no
splashes

« The paint is easily replaced

» The paint is customised for the
specific application

Customer
Satisfied

Aftractive
Product

L

Dysfunctional Must-be

Customer
Dissatisfied

NS4
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Must-be needs

* The paint is easily applied

» The paint adheres to the
surface

* The paint can be applied over
a wide range of temperatures
* The paint is stable

* The paint is homogeneous
» The paint is safe for those
applying it

» The paint is opagque

* The paint provides a
homogenous aspect of the
surface

» The paint is resistant to
cleansing

» The paint is easily cleaned
» The paint is not toxic

» The paint has an adequate
price

Product
Functional
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2-1.

A

+

M

MATERIALS

Quantitative
composition

Physico-
chemical
properties

HELH =

CHEMICAL
PRODUCT

Operating
variables

PROCESS

Usage variables
(customer interaction
parameters and
environmental
conditions)
USABE

Chemical product pyramid
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Needs
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I. PREPARE THE LIST OF PERFORMANCE INDICES ‘

* Translate needs into appropriate performance

indices
» Rate the relative importance of each
performance index

+» Conjoint analysis [57,58]
| * Needs-performance indices
A table or matrix [56]

)
‘ 2. COLLECT COMPETITIVE BENCHMARKING INFORMATION

* Competitive benchmarking chart
! based on performance indices
[56]
* Competitive benchmarking chart
based on perceived satisfaction
| of needs [56,59]

3. SET IDEAL AND MARGINAL VALUES FOR THE

Product
Planning
Matrix of QFD
(House of
Quality)
[60-65]

PERFORMANCE INDICES '

Target
performance
specifications

Systematic approach to target performance specifications setting.
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MECHANICAL

SOLUTIONS
LONG LASTING
FIZZY DRINK
CONCEPTS
CHEMICAL
SOLUTIONS
OTHER
SOLUTIONS

Add COz to the bottle (13. 10)

- Use a sodastream (5)

- Pressure sensitive reservoir (15)
- Soda siphon (20)

- Widget (21)

Improve bottle

- Use flakes in plastic (16)

- Use smaller containers: individually (4)
sub-divide larger bottle (19)

- Use plunger or siphon to force liquid out of bottle
(27, 46)

- Valve on bottle to keep pressure up (44)

- Improve cap re-seal (31)

Use larger devices

- Beer pump (36)

- Tonic-on-tap (41)

- CO2 cylinder + port in fridge (32)

Add COz2 to the glass

- Put CO2 in cocktail stick (53)
-PutCOzinice (1)

- Add a small widget (21)

Increase COz capacity of liquid
- Control pH (+ pH trigger in glass) (12)
- Use DEA (3)
- Store colder (25, 26)

Add COz as solid (11) — to glass (14) or
to bottle (possibly via lid (2))

- (Sugar) encapsulated COz (22, 49)

- NaHCOs (+ acid trigger?) (23, 49)

Do not use CO2
- Use Nz bubbles (6)

Include colour change to indicate adequate COz
content (24)

/N A

Make portions in variable or various sizes (42)

HELH =
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N

CcAMD
(Computer Aided
Molecular/Mixture
Design)

(e8]

Product ideas

CONCEPT SCREENING STAGE

(based on the Pugh method [90,94-96])

I. PREPARE THE CONCEPT SCREENING MATRIX

= ldentify the product ideas to be compared

- Define the evaluation criteria

= ldentify the reference concept or benchmark
- Elaborate the matrix in appropriate physical
medium {(as paper, chalkboard or flip chart)

1

2. RATE THE PRODUCT CONCEPTS

1

3. RANK THE PRODUCT CONCEPTS

= For each product concept, count the number
of symbols standing for being better, the
same, or worse than the benchmark

- Compute the net score for each product
concept

= Rank the product concepts

1

Y. COMBINE AND IMPROVE THE PRODUCT CONCEPTS

= Explore the possibility of combining and
improving the product concepts

= Introduce the revised product concepts in
the matrix and rate and rank them along with
the original ones

S. SELECT THE MORBRE PROMISING PRODUCT
CONCEFPTS

“T

Multivote technique
[20]
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&. PREPARE THE CONCEPT SCORING MATRIX

MELH =

CONCEPT SCORING STAGE
[20,94]

= Define the evaluation criteria

- Assign importance weights to the evaluation
criteria [90,97]

- Identify the reference concept or benchmark
= Elaborate the matrix (usually in a computer

spreadsheet to facilitate sensitivity analysis)

L

7. RATE THE PRODUCT CONCEPTS

1

8. RANK THE PRODUCT CONCEPTS

- For each product concept, calculate the
partial weighted scores

= Compute the total score for each product
concept

= Rank the product concepts

1

S. COMBINE AND IMPROVE THE PRODUCT CONCEPTS

= Explore possibility of combining and
improving the product concepts

= Introduce the revised product concepts in
the matrix and rate and rank them along with
the original ones

I0O. CONDUCT SENSITIVITY ANALYSIS AND SELECT
THE MORE PROMISING PRODUCT CONCEPTS

Most promising
product ideas

oto|Clof Mejol A Ol FH uit
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CHEMICAL
PRODUCT

Quantitative
composition

variables

Physico-
chemical
properties

MATERIALS PROCESS

Usage variables
(customer interaction
parameters and
environmental
conditions)
USAGE

Chemical product pyramid.
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6-2. 2 WA £ e
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VI. Step 6 : & & F HE AIY

6-3. M2 WY U R0 MNYE 2 of

MELH =

Target performance Details of the product
specifications concept selected
|. DEVELOP PROPERTY AND USAGE 2. DEVELOP A COST MODEL FOR THE PRODUCT
FUNCTIONS FOR THE PRODUCT
(-‘ « List all the elements (components, parts or
processes) of the product and other relevant
:v + Analytical modelling fractions of the manufacturing cost
! (detailed and rigorous . .
analysis, order of magnitude '. Estlmqte a cost for each item
J analysis supported by in the list
simplifying assumptions,
l empirical analysis applying

1 . Bill-of-materials
statistical approaches) | . cost model [100]
[102,103] ‘
* Physical modelling Product
supported by Design of ' Planning
Experiments [100,104] Matrix of QFD
(House of
Quality)

[106-111]

3. REVISE PERFORMANCE SPECIFICATIONS AND SET
DESIGN SPECIFICATIONS

» Competitive map [100]

J + Conjoint analysis [105]

Final product U

specifications

Systematic approach to final product specifications setting.



VII. Step 7 : A& 5t& 7H
VIII. Step 8 : 2% A A

8-1. 271

HsdA =—

Commodity chemicalsell gt XM= Z 3ol CtXx|Ql 2 35t7
SIA HE ZEANM TAEHU EHLIE EIAS

-> A 2{ Lt chemical products® ZZ& idt commodity chemicals
of 2&M= M G2, 2| T2t MFHEZ 575 CIXAE
o

2l Y 2 7Y =l ofoF gt
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HELH =—



VIII. Step 8 : 2% M A

RE LA =—
8-1. & 74

1) 578 g4 U472
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VIIl. Step 8

HELH =—
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VIll. Step 8 : 3% & Al

8-2. Atefl A
-HA HIC 2M9 ST HIZ A T2 A HA

MEMH =

1) &8¢t atst
i) ®at S A 22X
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VIII. Step 8 : 2% M A

8-2. Atefl 4

MELH =

-E4 ULl 249 S5t HIE U T2 M A M

2) E_I xl- IO_I _E_ x-" New body lotion receipt.

PART A 10 - 20% (VIV)
COMPOMENT COMPOSITION (% (WiW]))
Stearic acid (occlusive) 265
Cetyl alcohol (occlusive) 10.3

Petrolatum USP (occlusive) 10.3

Mineral oil (occlusive) 20.5
Isopropyl palmitate (occlusive) 20.5
Glyceryl monostearate (emulsifier) 10.3

PEG-40 stearate (emulsifier) 26

100

PART B q.s.
COMPONENT COMPOSITION (% (W/W])
Deionised water (solvent) gs.
Glycerol (humectant) 5-12

Xanthan gum (thickener) 0515

100

PART C 0.25 % (wWiw)

COMPONENT COMPOSITION (% (W/W])
I Preservatives 50 I —

Fragrances 50



VIII. Step 8 : 2% M A

8-2. Atdfl M
-B4 HiC 2H9 S AME U Z2AHA HA

HsdA =—

382 Wy HaY
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VIII. Step 8 : 2% M A

8-2. Atefl 4

-E4 ULl 249 S5t HIE U T2 M A M
2

Ol

4)SZ e 1 EA - FMEC gt EX

4-1) o8 =7

ps = 375 Pa.s
1= 0.0242 Pa.s.



VIII. Step 8 : 2% MA

8-2. Atall ¢
.H& HIC 249 S8 AE Y T2 AHA HA
4)3HZ HrY 1 CHA - R Zof Y EX 2US

4-1) o8 L2

Quality of the lotion as a function of its viscosity at the beginning of the application process.

SENSORIAL EVALUATION M1 L1

(scale of 1 (better quality) to 5 (worse quality)) (Pa.s) (%)
4 120 75

2 250 25

2 460 25

4 500 75

3 510 50

4 570 50

MELH =



VIII. Step 8 : 2% MA

8-2. Atg A4

-8B &5 UL 249 FT ANE QU T2 A M
2

4) &8 &

1 CHA - R Eo et EE
4-1) o| & =7Z

k1= 1.181x10" %.Pa?.s? when p1 S *
k1= 3.585%x10° %.Pa2.s2 when p1 2 n*

L2=ka (2 - 2"

ko= 2217x105%Pa2s?  when S i’
k=5293x10°%Pa2s?  when 2 "

HELH =



VIII. Step 8 : 2% M A

8-2. Atefl 4

HNESEA =
-HA HiCl 249 S8 HZ ol T2 MA HA
L]

=

pi= e (141(4).0)



VIII. Step 8 : 2% MA

8-2. Arefl A
-HA HiCl 249 S8 HZ ol T2 MA HA

HMEMLH =—

5)sHZA B - 2CHA - AHEQ £ QU AME IS

Viscosity of aqueous solutions

A - 0"3 of xanthan gum (Pa.s)
1000 1
84 100.
55(47+10-—#+(1-7) ’ oy
] 1 10 ; xanthan gum

12

L 0 o
-2} 52 0-Ap=-21-7) o] e

( 0.01 -
0.001 . : - r - T r )
- ud 0001 0.01 01 1 10 100 1000 10000 100000
— Shear rate (s

#‘ Experimental data for the viscosity of aqueous solutions of xanthan gum.




VIII. Step 8 : 2% M A

8-2. A3 A7

-E4 ULl 249 S5t HIE U T2 M A M
6) 8 WY :
3CHA - LY MEo 3 M2l JI5 MY ME

HMEMLH =—

wr, We, @

Operation times,
consumed energies,

ﬁ DE max, NB AOT EBT

AP, BP, Equipment
dimensions Process

> model

Operation temperatures,

mixing rates Ds.max




VIIl. Step 8 : 2% M A

B YA =

8-2. Atefl A+
-HA HIC 2M SFHHZ U T2 HA MA
6) & iy . PRODUCT DESIGN VARIABLES
3 C.I_l-ﬁl - E%%I I-"%O" |:H'6'|_|- wr 0.84 % (wW/w)
M 7l e M= 374 W 12 % (Wiw)

® 18 % (Viv)

PROCESS DESIGN AND OPERATION VARIABLES

e 280 minvbatch
NE 583 batch/year
S 2724 hyear
Tank T-2

5 1.6 m

P 12.5 kw

N 117 rpm

Colloid mill CM-1

D 0.12m
P 1.9 kW
N 3600 rpm



Thank you



